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CONTRIBUTIONS  TO  THE  DEVELOPMENT  OF  CHEMISTRY 
MADE  BY  GEORGIAN  SCIENTISTS  OVER  THE  LAST 
FORTY  YEARS 

A.  M.  Gakhokhidze 

Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  31,  No.  6, 
pp.  l-VI,  June,  1961 


The  development  of  chemical  science  in  Georgia  began  with  the  establishment  of  Soviet  rule,  when  as  ex¬ 
tensive  system  of  scientific  research  institutions  (over  130)  and  schools  (18)  was  set  up. 

Starting  with  the  classical  legacy  left  by  Russian  and  foreign  scientists,  Georgian  chemists  have  given  us  the 
scientific  principles  of  many  technological  processes  and  have  carried  out  theoretical  research  of  much  impor¬ 
tance  in  organic,  inorganic,  physical,  colloid  and  other  fields  of  chemistry.  More  specifically.  Georgian  chemists 
have  contributed  many  new  data  to  research  concerned  with  the  nature  of  chemical  affinity,  the  mechanism  of 
chemical  reactions,  the  colloidochemical  properties  of  substances,  the  selection  of  absorbents  and  catalysts  with 
specific  properties,  obtaining  a  high-grade  refractory  and  binding  materials,  the  chemistry  of  rare  and  scattered 
elements,  new  method  for  processing  mineral  and  agricultural  raw  materials,  Georgian  petroleums,  drinking,  waste 
and  therapeutic  waters,  problems  of  hydrochemistry,  agricultural  chemistry,  geochemistry  etc. 

The  Georgian  scientists  Professor  V.  M.  Petriashvili  and  P.  G.  Melikishvili  initiated  the  development  of  chemi¬ 
cal  science  in  Georgia. 

V.  M.  Petriashvili  did  much  valuable  work  in  organic  and  inorganic  chemistry.  He  has  given  us  magnificent 
textbooks  in  the  Georgian  language  on  viniculture  and  dairy  farming. 

P.  G.  Melikishvili  studied  glycidic  acids,  peroxides,  per  acids,  developed  a  number  of  new  analytical  chem¬ 
istry  methods,  etc.  During  the  last  ten  years  of  his  life,  P.  G.  Melikishvili  canied  out  valuable  scientific  research 
and  educational  work  in  Tbilisi,  where  he  served  as  the  first  principal  of  the  I.  V.  Stalin  Tbilisi  State  University. 

He  initiated  the  study  of  Georgian  natural  plant  resources.  Many  of  the  young  chemists  who  studied  and  worked 
with  P.  G.  Melikishvili  later  became  prominent  Georgian  scientists. 

The  Soviet  scientist  L.  V.  Pisarzhevskii,  a  student  of  P.  G,  Melikishvili’s,  deserves  special  mention  to  his 
part  in  the  training  of  highly  skilled  chemist -teachers  and  scientific  workers. 

Under  L.  V.  Pisarzhevskii's  direction,  the  scientific  research  institute  now  known  as  the  P.  G.  Melikishvili 
Chemical  Institute  of  the  Georgian  SSSR  Academy  of  Sciences  was  organized  in  1929  around  the  existing  Georgian 
VSNKh  laboratory.  In  his  capacity  as  director  of  the  department  of  physical  chemistry  (1929-1934),  L.  V.  Pisar¬ 
zhevskii  successfully  guided  the  development  of  scientific  research  work  in  the  new  institute. 

An  outstanding  role  in  the  education  of  highly  skilled  Georgian  chemists  was  played  by  the  prominent  Soviet 
scientists  A.  E.  Favorskii,  N.  D.  Zelinskii,  A.  N.  Nesmeyanov,  B.  A.  Kazanskii,  S.  N.  Danilov,  Yu.  S.  Zal'kind, 

N.  A.  Tananaev,  O.  E.  Zvyagintsev,  I.  N.  Nazarov,  A.  D.  Dobryanskii,  A.  I.  Oparin,  N.  A.  Preobrazhenskii,  V.  M. 
Rodionov,  V.  A.  Kargin,  N.  N.  Semenov,  M.  A.  Rozenberg,  A.  D.  Petrov,  P.  A.  Rebinder  et  al. 

Chemical  science  in  Georgia  is  now  being  developed  along  the  same  lines  as  chemistry  in  the  Soviet  Union. 

Georgia  is  first  in  the  world  in  the  production  of  manganese  ore.  The  production  of  calcium  permanganate 
and  electrolytic  manganese  in  Georgia  was  organized  under  the  direction  of  R.  I.  Agladze.  Numerous  manganese 
base  alloys  of  great  technical  significance  have  been  obtained.  Several  associated  elements  have  been  obtained 
from  crude  manganese  ores -nickel,  cobalt,  chromium,  etc. 
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Under  V.  M,  Kakabadze’s  direction,  processes  to  enrich  lean  manganese  ores  and  to  obtain  manganic  catalysts 
have  been  developed,  as  well  as  other  methods  of  employing  manganese. 

Special  attention  is  being  given  to  the  extraction  of  barium  salts  from  native  baryta— nitrates,  carbonates, 
chlorides,  sulfates  etc.  besides  hydroxides —and  to  improving  the  manufacture  of  lithopone;  this  work  is  being  carried 
out  under  the  direction  of  G.  M.  Kuperman.  Also  to  the  latter's  credit  are  a  method  of  using  Tkvibuli  shales  to 
obtain  dyes  and  coagulants,  a  means  of  obtaining  alum  and  aluminum  sulfate  from  terra  rossa  and  an  electrolytic 
method  of  obtaining  chromium,  recovering  sulfuric  acid,  etc. 

Georgia  is  prominent  in  the  production  of  refractory  and  binding  materials  and  silicates.  The  substitution  of 
local  trachytes  for  hard -to -obtain  soda  in  glass  manufacture,  which  was  proposed  by  the  Georgian  scientists  K.  S. 
Kutateladze,  A.  I.  Pitskhelauri,  M.  Sh.  Khananashvili,  O.  K.  Kurdevanidze,  T.  R.  Gamsakhurdiya,  S.  S.  Filatov, 

M.  A.  Merabishvili,  V.  I.  Shapakidze,  N.  A.  Kakabadze  et  al.,  has  improved  both  the  quality  of  production  and 
the  technological  process.  New  makes  of  high-quality  cements  were  obtained.  Attention  was  focused  on  the  manufac¬ 
ture  of  the  new  binding  material,  Gazhtsement,  which  has  found  wide  use  in  construction. 

The  binding  and  plastic  properties  of  the  Georgian  bentonite,  AskangeT,  make  it  an  excellent  clay  sub¬ 
stitute  for  the  manufacture  of  chinaware.  Askangel'  is  used  as  plastic  admixture  in  the  production  of  fire  proof 
water.  It  is  also  an  excellent  catalyst  for  many  chemical  reactions. 

The  Georgian  clays  Askanite  and  Gumbrin  are  being  used  with  great  success  in  the  USSR  as  bleaching  agents 
to  replace  imported  floridin  in  the  refinement  of  petroleum  products  and  plant  oils. 

Kh.  G.  Purtseladze  is  working  with  the  production  of  mineral  fertilizers  and  manganese  concentrates  from 
manganese  carbonate,  which  is  unsuited  for  other  purposes.  The  recent  introduction  of  this  method  to  industry  is 
a  great  benefit  to  the  national  economy.  The  concentrates  are  widely  used  in  the  metallurgic  industry  for  the 
production  of  metallic  manganese  and  high-grade  alloys,  and  the  fertilizers  are  valuable  in  that  they  contain  other 
elements  beside  manganese  (cobalt,  nickel  et  al.). 

Ya.  P.  Moseshvili  and  his  students  are  doing  creative  work  in  the  field  of  inorganic  chemistry.  Mr.  Moseshvili 
is  directing  a  study  of  the  various  rare  and  scattered  elements  contained  in  different  types  of  Georgian  mineral  re¬ 
sources  and  raw  materials. 

N.  I.  Pirtskha lava's  field  is  the  theory  of  solutions.  He  has  discovered  that  the  dissociation  of  fatty  acids 
depends  on  the  nature  of  the  solvent  and  the  temperature;  he  has  also  made  a  study  of  the  electrical  conductivity 
of  non -aqueous  solutions.  The  author  used  the  electrical  conductivity  method  to  establish  the  formation  of  solvates 
and  new  complex  compounds.  A.  A.  Kalandiya  and  co-workers  obtained  new  tungsten  bronzes,  extremely  stable  in 
relation  to  chemical  reagents,  which  have  found  wide  technical  use.  R.  N.  Nikoladze  and  P.  V.  Gogorishvili  estab¬ 
lished  that  nitrates  and  nitrites  form  upon  the  action  of  ultraviolet  rays  on  an  oxygen -ammonia  mixture  (in  a  quartz 
vessel).  P.  V.  Gogorishvili  obtained  a  whole  series  of  complex  cobalt  compounds  and  developed  a  new  and  original 
method  to  separate  iodine  from  oil  well  waters. 

Georgian  chemists  have  done  very  interesting  work  in  the  field  of  analytical  chemistry:  P.  V.  Gogorishvili 
and  co-workers  have  developed  a  method  to  determine  nitrogen  in  various  complex  compounds.  A  tin  amalgam 
was  obtained  by  E.  G,  Davitashvili,  who  has  proposed  a  new  method  for  separating  tin,  copper,  lead,  iron,  molyb¬ 
denum  and  barium  from  each  other.  E.  S.  Dzhaparidze  worked  out  conditions  for  assaying  potassium  in  carnallite; 
she  has  also  done  valuable  research  on  ferrocyanides.  S,  G.  Kurashvili  has  contributed  a  potentiometric  method  of 
determining  arsenic  in  ore  and  a  speeded -up  method  of  determining  magnesium  and  calcium  in  manganese  ore. 

M.  Ya.  Giorgobiani  has  made  a  study  of  indicators  and  developed  a  volumetric  method  of  determining  zinc 
and  lead.  S.  A.  Beruchyan  and  N.  D.  Sadzhaya  have  been  investigating  the  use  of  organic  reagents  in  analytical 
chemistry.  A  fast  and  accurate  method  of  determining  manganese,  manganese  dioxide  and  manganate  and  per¬ 
manganate  ions  in  manganese  compounds  was  developed  by  P.  D.  Tsiskarishvili.  V.  L.  Khukhiya  investigated  prob¬ 
lems  of  coprecipitation  phenomena  and  the  hydrogeochemistry  of  Georgian  mineral  waters.  Interesting  work  is 
being  done  by  K.  A.  Gamsakhurdiya  in  the  field  of  potentiometry,  colorimetry  and  chromatography,  by  M.  A. 
Khundadze  in  the  field  of  electrometry  and  by  G.  P.  Sagaradze  et  al.  in  electrolysis. 

An  interesting  part  of  the  study  of  Georgian  mineral  resources  and  raw  materials  is  the  study  of  Georgian 
petroleum  which  is  under  way  at  the  Chemical  Institute  of  the  Georgian  SSR  Academy  of  Sciences.  The  research 
on  Georgian  petroleums  has  emphasized  the  study  of  their  fractional  composition,  the  refining  of  petroleum  products 
and  the  development  of  new  research  methods. 


The  investigations  of  Kh.  I.  Areshidze  and  co-workers  have  analyzed  the  composition  of  Georgian  petroleums; 
the  petroleum  of  western  Georgia  was  found  to  be  an  excellent  source  of  aromatic  hydrocarbons.  Kh.  1.  Areshidze 
studied  tliermal  splitting  of  paraffin  hydrocarbons  and  their  catalytic  aromatization.  L.  D.  Melikadze  and  co- 
workers  (N.  G.  Bekauri,  T.  A.  Eliava  et  al.)  have  been  investigating  the  separation  of  petroleum  products  acctxding 
to  their  commodity  properties  and  have  studied  the  refining  of  lubrication  oils.  L.  D.  Melikadze  has  isolated 
Mirzaanite,  a  rubbery  substance  of  high  molecular  weight,  and  Noriol,  a  crystalline  product,  from  Georgian  petro¬ 
leums. 

Georgia  has  rich  coal  deposits.  One  of  the  Tkvibuli  deposits  contains  a  large  quantity  of  pitch  coal-rhab- 
dopisite- which  is  used  in  P.  D,  Tsiskarishvili's  method  to  obtain  plastic  substitutes  for  phenolaldehyde  plastic. 

V.  T.  Chagunava  is  directing  research  concerned  with  purifying  industrial  gases  of  harmful  ingredients.  The  use 
of  manganese  mass  to  desulfurize  fuel  gases  has  been  introduced  into  a  nitrogen  fertilizer  factory  and  other  concerns. 

In  the  field  of  organic  chemistry,  particular  attention  is  being  given  in  Georgia  to  the  study  of  natural  re¬ 
sources  and  to  the  development  of  organic  synthesis.  The  works  of  N.  S.  Tsitsishvili,  who  is  carrying  on  P.  G. 
Melikishvili's  work,  are  of  special  merit.  Working  with  G.  I.  Tsitsishvili,  T.  N.  Kiparenko  et  al.,  N.  S.  Tsitsishvili 
studied  the  effects  of  different  factors  on  the  accumulation  process  of  vitamin  C  and  other  products  in  citrus  fruits. 

She  has  carried  out  other  research  as  well.  N.  S.  Tsitsishvili  has  studied  determination  of  the  theine  content  of  tea 
leaves  ,  the  chemical  composition  of  the  walnut,  many  fruits,  corn,  potatoes,  Georgian  wine,  et  al.  V.  P.  Gogundze 
studied  the  chemical  composition  of  Georgian  tea  seeds,  tung  oil  and  saponin.  Purified  tea  oils  have  many  technical 
uses.  A  method  was  developed  for  the  manufacture  of  industrial  saponin,  and  tea  oil  saponin  was  established  to 
possess  great  surface  activity. 

Valuable  work  on  the  utilization  of  plant  resources  to  fill  the  need  for  medicinal  preparations  in  Georgia  has 
been  done  under  the  direction  of  I.  G,  Kutateladze.  A  number  of  biologically  active  substances  were  obtained: 
cardiac  glycosides,  vitamins,  vermifuge  preparations,  alkaloids,  et  al. 

S,  V.  Durmishidze  has  made  a  study  of  Georgian  vineyards. 

A.  M.  Gakhokidze,  N.  D.  Sadzhaya  and  N.  V.  Aleksidze  separated  a  pigment  from  tung  oil  cake.  A.  M. 
Gakhokidze  and  M.  E.  Shishniashvili  obtained  trihydroxyglutaric  acid  from  the  waste  of  pentosan -containing  sub¬ 
stances  (sunflower  husks,  cottonseed  cake,  straw)  by  oxidation.  From  the  waste  products  of  tobaco  (tobacco  dust, 
stems,  coarse  leaves),  A.  M.  Gakhokidze  obtained  citric  acid. 

G.  I,  Tsitsishvili  has  outlined  the  possible  uses  for  the  non -drying  oil  he  isolated  from  the  Georgian  wheat, 
"Makhobel."  N.  D.  Sadzhaya  has  established  the  composition  of  a  new  phosphcarus  compound  isolated  from  milk. 

G.  G.  Kikodze,  V.  G.  Gegele  and  I.  S.  Rukhadze  collaborated  in  a  work  determining  the  composition  of  Georgian 
tea.  Individual  acids,  aldehydes,  ketones,  phenols,  alcohols  and  other  organic  substances  were  isolated  from  the 
essential  oil  obtained  after  fermentation  of  the  tea  leaf. 

Sericulture  is  of  great  interest  in  Georgia.  M.  S.  Bekaya  and  K.  A.  Gamsakhurdiya  have  investigated  mul¬ 
berry  leaves.  A.  A.  Nakhapetyan  studied  the  conditions  required  for  hydrogenating  the  oil  of  mulbeny  silkworm 
cocoons  and  demonstrated  that  this  oil  could  serve  the  pharmaceutical  industry  as  a  substitute  for  cocoa  butter.  He 
also  showed  that  the  balsam  derived  from  the  Caucasian  fir  is  identical  to  Canada  balsam  and  studied  the  yield 
and  composition  of  the  essential  oil  as  compared  with  the  Siberian  fir.  A  technological  process  of  isolating  vegetable 
casein  from  oil  cake  for  industrial  purposes  was  developed  by  the  same  chemist. 

Intensive  work  is  being  done  by  Georgian  chemists  in  the  field  of  synthetic  chemistry.  The  research  of  I.  M. 
Gverdtsiteli  and  A.  I.  Nogaideli,  scientists  attached  to  the  I.  V.  Stalin  State  University,  is  outstanding  in  the  field. 
Their  various  works  are  concerned  with  the  synthesis  and  hydrogenation  of  unsaturated  hydrocarbons  and  their  deriva¬ 
tives. 


I.  M.  Gverdtsiteli  obtained  a  new  form  of  plastic  from  tung  oil  cake.  A.  I.  Kakhniashvili,  another  scientists 
at  Tbilisi  State  University,  condensed  alicyclic  and  cyclic  compounds  with  phenols  in  the  presence  of  Askanite 
and  other  catalysts.  The  resulting  compounds  were  found  to  be  biologically  active  substances  (plant  growth  stimul¬ 
ators).  V.  P.  Goguadze  has  been  working  with  the  synthesis  of  aromatic  principles  for  use  in  aromatization  of  tea 
and  separation  of  organic  acids. 
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Very  interesting  work  is  being  done  on  the  condensation  of  polyatomic  alcohols  with  esters  formed  from  the 
acetylene  series  of  glycols  under  the  direction  of  R.  M.  Lagidze.  Working  with  N.  T.  Iremadze,  L.  M.  Chigogidze 
synthesized  new  preparations  which  are  now  used  for  perfume  manufacture,  to  obtain  biologically  active  substances, 
in  the  study  of  petroleum  products  etc. 

A.  M.  Gakhokidze  is  working  with  the  synthesis  and  isomerization  of  disaccharides.  He  has  developed  an 
original  method  of  determining  the  structure  of  disaccharides.  The  synthesis  of  aldehydes  from  acid  halide  being 
carried  out  under  A.  A.  Nakhapetyan's  direction  deserves  special  attention. 

M.  I.  Shalamberidze  has  done  work  of  great  merit  in  the  development  of  organic  chemistry  in  Gewgia  and 

in  the  preparation  of  highly  trained  specialists.  He  is  also  the  author  of  the  first  original  textbook  on  organic  chem  - 
istry  written  in  the  Georgian  language. 

In  the  field  of  physical  chemistry,  Georgian  research  has  concentrated  on  chemical  kinetics,  surface  phenomena, 
the  structure  of  substances,  important  problems  of  thermodynamics  etc. 

D.  I.  £ristavi  and  co-workers  studied  the  physicochemical  properties  of  the  ferrocyanides  of  heavy  metals,  the 
effect  of  ultra-short  waves  on  various  chemical  compounds,  important  geochemical  problems  etc.  Eristavi  proposed 
an  original  method  of  determining  manganese,  lead,  zinc,  calcium  etc.  and  has  established  the  typical  formulas 
of  the  ferrocyanides. 

V.  I,  Kokochashvili  has  been  working  with  problems  of  kinetics  and  photochemical  reactions.  A.  Ya.  Var- 
dukadze  investigated  the  adsorption  of  electrolytic  ions  to  the  surfaces  of  compounds  of  high  molecular  weight. 

G.  V.  Tsitsishvili  studied  the  intramolecular  hydrogen  bond  and  investigated  the  association  of  hydrogen  halides 
and  the  nature  of  hydrogen  imide  in  certain  heterocycles.  G.  V.  Tsitsishvili  is  using  Georgian  clays  to  study  sur¬ 
face  phenomena. 

N,  A.  Landiya  is  conducting  successful  investigations  in  the  field  of  thermodynamics.  He  has  developed  a 
new  and  original  method  for  determining  the  heat  capacity  of  a  number  of  inorganic  substances  at  high  temper¬ 
atures. 


In  the  field  of  colloid  chemistry,  research  has  continued  on  the  study  ofgels  and  artificial  and  natural  alumino¬ 
silicate  systems.  B.  S.  Kandelaki  collaborated  with  I.  I.  Mikadze,  I.  D.  Tavberidze,  I.  T.  Setashvili  and  G.  G. 
Kikodze  on  a  study  of  the  formation  and  properties  of  gels;  the  properties  of  Georgian  kaolin  and  bentonite  clays 
were  also  studied  in  order  to  determine  the  suitability  of  these  clays  for  use  in  drilling  oil  wells. 

Adsorption  processes  have  been  studied  by  M.  E.  Shishniashvili,  E.  M.  Nanobashvili  and  S.  N.  Papuashvili. 

Their  investigations  led  these  authors  to  conclude  that  highly -refined  aluminosilicates  are  electrochemically  neutral 
substances  and  do  not  possess  exchange  adsorption  properties. 

M.  E.  Shishniashvili  and  M.  Pirtskhalava  have  developed  a  rational  method  for  chemical  amelioration  of 
Georgian  red  soils  in  order  to  increase  the  agricultural  crop  yield. 

The  new  chemical  field  of  radiation  chemistry  is  being  developed  with  great  success  in  Georgia  under  the 
direction  of  E.  M.  Nanobashvili.  The  effect  of  radiation  on  various  organic  and  inorganic  compounds,  their  oxida¬ 
tion,  reduction  etc.  are  being  investigated.  Radiochemical  transformations  in  certain  heterocyclic  systems  con¬ 
taining  nitrogen,  sulfur,  phosphorus  etc.  have  been  investigated. 

E.  M.  Nanobashvili  and  co-workers  have  used  physicochemical  analysis  and  electrochemical  and  radiochemical 
research  methods  to  study  reactions  forming  the  sulfides  of  iron,  copper,  zinc,  lead  etc.  and  of  rare  and  scattered 
elements.  She  has  developed  new  analytical  methods,  including  a  novel  and  original  method  of  using  radioactive 
sulfur  and  selenium  isotopes  to  determine  small  quantities  of  rare  and  scattered  elements. 

The  investigations  outlined  above  are  a  measure  of  the  vigorous  development  of  the  scientific  research  carried 
out  by  Georgian  chemical  scientists  during  the  forty  years  of  Soviet  rule  in  Georgia. 

The  present  large-scale  development  of  the  chemical  industry  will  stimulate  Georgian  chemists  to  new  and 
further  advances  in  scientific  research. 
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The  editorial  office  of  the  Journal  of  General  Chemistry 
warmly  coniratulates  Professor  Constantine  Pavlovich 
Mishchenko,  Permanent  Member  of  the  Editorial  Board 
since  1940,  on  his  60th  birthday  and  hopes  that  his  good 
health  and  valuable  scientific  contributions  will  con¬ 
tinue  for  many  years  to  come. 
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Previous  papers  in  this  series  [1-6]  described  thermochemical  investigations  of  aqueous  electrolyte  solutions 
containing  cations  with  inert-gas  structures. 

The  cobalt  chloride -water  system  was  selected  for  the  investigation  of  its  thermochemical  properties  in  order 
to  add  to  the  extremely  scanty  data  on  the  heats  of  solution  and  specific  heats  of  this  electrolyte,  and  to  examine 
the  effect  of  concentration  and  temperature  on  the  behavior  of  an  electrolyte  containing  the  Co"'"''  ion  which  has 
incomplete  electron  shells  and  a  marked  ability  to  form  complexes. 

Aqueous  solutions  of  C0CI2  assume  different  colors  depending  on  the  temperature,  the  color  change  being 
analogous  to  that  of  the  hydrates  of  the  salt. 

Although  the  properties  of  crystalline  cobalt  chloride,  its  hydrates,  and  solutions  began  to  be  studied  more 
than  100  years  ago,  a  number  of  them  are  still  inadequately  investigated.  Up  to  the  present  certain  questions,  par¬ 
ticularly  those  concerned  with  the  change  in  the  color  and  structure  of  CoC^  solutions  in  relation  to  various  physico¬ 
chemical  factors,  remain  controversial.  Contradictory  opinions  exist  even  on  the  actual  number  of  C0CI2  hydrates. 
A.  Potylitsin  [7],  Hantzch  [8],  and  recently  I.  I,  Angelov  and  N.  I.  Sokolov  [9]  admit  of  the  existence  of  only  three: 
pink  C0CI2  •  6H2O  stable  up  to  approximately  50"  at  vapor  pressures  of  6-11.5  mm;  violet  C0CI2  •  2H2O  stable  at 
50-85"  at  vapor  pressures  of  5-5.8  mm;  and  dark-violet  C0CI2  •  H2O  formed,  according  to  [9],  on  heating  the  di¬ 
hydrate  at  125"  for  1  hr,  and  stable  at  vapor  pressures  of  0.005-5  mm.  However,  B.  V.  Nekrasov  [10]  and  also  hand¬ 
books  [11,  12],  quote  five  hydrates,  including  C0CI2  •  4H2O  (red)  and  C0CI2  •  5H2O  (blue -violet). 

When  aqueous  solutions  of  C0CI2  are  heated  or  treated  with  salts  containing  Cl“  ions,  concentrated  acids 
(H2SO4,  HCl,  HNOj),  or  alcohol,  a  regular  color  change  from  red  to  blue -violet  also  takes  place.  This  interesting 
parallelism  has  attracted  the  attention  of  investigators  for  a  long  time,  particularly  as  regards  the  spectra  of  the 
solutions.  However,  the  thermochemical  properties  have  not  so  far  been  studied  systematically. 

Only  one  value  of  the  integral  heat  of  solution  of  anhydrous  C0CI2  in  water  is  available,  obtained  by  J. 
Thomsen  [13]  for  the  concentration  m  =  0.14  molal  at  18",  AHjjj  =  -18.34  kcal/mole.  The  integral  heat  of  so¬ 
lution  of  C0CI2  '  6H2O  in  water,  also  found  by  Thomsen  [13],  is  AHjj^  =  +2.85  kcal/mole  (at  18",  m  =  0,39  molal). 

Average  specific  heats  of  aqueous  C0CI2  solutions  have  been  measured  by  Feudt  [14]  for  three  concentrations 
between  30  and  100".  The  only  work  on  the  true  specific  heats  of  these  solutions  appears  to  be  that  of  A.  F.  Kapus- 
tinskii,  B.  M.  Yakushevskii,  and  S.  I.  Drakin  [15]  at  25*  in  the  range  m  =  0.3  to  m  =  2.2  molal. 

Babo  [16]  was  the  first  to  observe  the  change  in  the  color  of  aqueous  C0CI2  solutions  with  temperature  and 
showed  that  this  phenomenon  was  completely  analogous  with  the  color  change  of  C0CI2  •  6H2O  crystals  on  heating. 
This  parallelism  between  the  coltx  change,  on  heating,  of  crystalline  C0CI2  •  6H2O  and  that  of  its  aqueous  solutions 
has  led  to  the  concept  of  analogy  between  the  loss  of  water  by  the  hydrate  and  the  dehydration  of  the  desorbed  salt 
with  increase  in  temperature.  M.  Vyrubov  [17]  explained  the  color  change  of  aqueous  C0CI2  solutions  as  being  due 
to  the  decrease  in  the  number  of  water  molecules  bound  to  C0CI2.  The  first  and  only  work  in  which  a  relation  be¬ 
tween  the  specific  heats  of  CoCl*  solutions,  and  the  coIot  change  with  increase  in  temperature  has  been  demon¬ 
strated,  was  that  of  Vrevskii  [18].  Using  alcohol  as  the  dehydrating  agent,  Vrevskii  established  that  increase  in  the 
salt  concentration,  increase  in  the  temperature,  and  replacement  of  the  alcohol  by  water,  all  favor  the  color 
change  from  pink  to  blue  and  lower  the  specific  heat  of  the  system. 
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TAB1£  1.  Integral  Heats  of  Solution  of  Anhydrous  CoCl^  in  Water  at  2,  50,  and  75 
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Calculated  from  intermediate  heats  of  solution. 
*  Calculated  from  heats  of  dilution. 


TABLE  2.  Integral  Heats  of  Solution  of  CoC]|  •  6H2O  in  Water  at  18  and  25* 


18* 

25* 

m,  molality 
of  C0CI2 

^m 

c^l/mole 

AHm 
cal/mole 
anhydrous  salt 

m»  molality 
of  C0CI2 

^Hm 

cal/mole 

AH|n 

cal/rnole 
anhydrous  salt 

0.0256 

2460* 

-18308 

0.0405 

2222* 

—18775 

0.0493 

2583* 

-18185 

0.0945 

2470* 

-18527 

0.1390 

2748  * 

—18020 

0.1936 

2682* 

-18315 

0.2607 

2956  * 

—17812 

0.7087 

3076  •• 

-17921 

0.5358 

3073* 

-17695 

1.0307 

3314  •• 

—17683 

0.9482 

3392  •• 

—17376 

1.3119 

3568  •• 

-17429 

1.4150 

3764  •• 

-17004 

1.5889 

3830** 

-17167 

2.0073 

4200  ••• 

-16568 

1.8291 

4023  •• 

-16974 

2.4460 

4594  ••• 

-16174 

2.0465 

4200** 

—  16797 

3.0467 

5194 

—15574 

2.2557 

4394  •* 

—16603 

3.8113 

5853 

-14915 

2.4320 

4536  •• 

-16461 

2.5970 

4672  *• 

-16325 

2.7993 

4844  *• 

-16153 

2.9889 

5014  •• 

—15983 

3.2900 

5298  **• 

—15699 

3.994 

5885 

-15112 

•  Direct  measurements. 

•  •  Calculated  from  intermediate  heats  of  solution. 

•  •  •  Calculated  from  heats  of  dilution. 


We  also  believe  that  the  change  in  the  color  of  aqueous  CoCl^  solutions  with  temperature  is  related  to  de¬ 
hydration  and  complex  formation.  Apparently  the  main  effect  of  heating  is  to  shift  sharply  to  the  right  the  equi¬ 
librium: 


(Co(H20)c1-^+  —  |Co(Il20)2]++  +  AU.,0. 


Evidently  complexes  of  the  type: 


(CoCl„(H20)e_„]-(»-2). 

are  formed  at  the  same  time.  This  is  confirmed  by  numerous  data  on  the  absorption  spectra  of  nonaqueous  solutions 
of  CoCl|  and  also  CoC^  solutions  containing  an  excess  of  Cl*  ions. 

Donnan  and  Basset  [19]  relate  the  color  change  of  C0CI2  solutions  in  the  presence  of  an  excess  of  Cl"  with 
the  formation  of  complex  ions  of  the  type  C0CI4"  and  CoClg".  Dirking  [20]  and  Katzin  and  Gebert  [21]  explain 
the  colcMT  change  by  a  decrease  in  the  number  of  solvent  molecules  bound  with  the  Co++  ions.  This  hypothesis  was 
confirmed  by  Hill  and  Howell  [22]  who  noted  that  the  absorption  spectra  of  C0CI2  solutions  and  solid  cobalt  pig¬ 
ments  ate  identical;  it  is  known  that  the  color  of  the  latter  depends  on  the  number  of  oxygen  atoms  surrounding  the 
cobalt  atom.  M.  S.  Barvinok  [23-26],  who  studied  the  absorption  spectra  by  physicochemical  analysis,  demonstrated 
that  the  change  in  the  color  of  nonaqueous  CoC]2  solution  in  the  presence  of  an  excess  of  Cl~  is  due  to  dte  stepwise 
dissociation  of  halide  complexes. 

The  results  of  a  relatively  small  number  of  spectroscopic  investigations  of  aqueous  C0CI2  solutions  in  general 
confirm  the  above  ideas  [27-29]. 
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TABLE  3.  Specific  Heats  of  Aqueous  Solutions  of  CoCli  at  2,  18,  25,  50,  and  75 
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cal/g- 


TABLE  4.  Heats  of  Solution  at  Infinite  Dilution  (AHq)  of  C0CI2  and  C0CI2  •  6H2O 
at  Various  Temperatures  (cal/mole) 


Temperature 

2" 

18" 

25" 

50“ 

75" 

C0C12  •  6H20 

CoCl2 

Heat  of  formation  of 
hydrate  from 
CoClj^cryst.) 

6H20(iiq  ) 

-  16150 

+2260 

-18430 

-20690 

+1940 

-19100 

-21040 

-21700 

-22400 

TABLE  5.  Heats  of  Solution  of  C0CI2  and  CoClg  •  6H2O  and  Heats  of  Formation  of 
CoClj  •  6H2O 


Salt 

Temper¬ 

ature 

Heat  of  solution,  AHjj^ 

Heat  of  hydration 

our  data 

Thomsen’s 

data 

our  data 

published 

data 

C0CI2  •  6H2O 

M 

00 

0 

+2748 

+2840 

-20768 

-21190 

(Thomsen) 

C0CI2 

18 

-18020 

-18340 

— 

— 

CoClj  •  6H2O 

25 

+2580 

- 

-20997 

-21180* 

C0CI2 

25 

-18417 

- 

— 

- 

•  Calculated  from  a  thermochemical  cycle  according  to  data  in  [35]  where 
Thomsen’s  value  of  AHj^,  adjusted  to  25",  was  employed  as  the  heat  of  so¬ 
lution  of  CoClg. 


EXPERIMENTAL 

We  have  measured  the  integral  heats  of  solution  of  C0CI2  in  water  in  the  concentration  range  from  0.025  molal 
to  saturation  at  2,  18,  25,  50,  and  75",  and  the  specific  heats  of  aqueous  C0CI2  solutions  in  the  concentration  range 
0.03  molal  to  saturation  at  the  same  temperatures  as  above.  The  measurements  at  18  and  25"  were  made  in  an  im¬ 
proved  Vrevskii  calorimeter,  described  in  detail  in  the  literature  [30-33].  The  heats  of  solution  of  CoC]2  and  the 
specific  heats  of  the  resulting  solutions  were  measured  at  2,  50,  and  75"  in  the  calorimeter  where  the  calorimetric 
vessel  was  surrounded  with  water  at  50",  with  ethylene  glycol  at  75",  or  with  ice  at  2". 

The  error  in  the  results  obtained  at  2  and  25"  was  0.3-0.4*70;  that  at  50  and  75"  was  naturally  somewhat  greater 
because  of  the  large  corrections  necessary  for  radiation  and  evaporation  of  solvent. 

Specific  heats  of  C0CI2  solutions  were  measured  first  and  subsequently  used  in  the  calculation  of  the  heats  of 
solution.  The  heats  of  formation  of  the  solutions  at  18  and  25"  were  determined  by  dissolving  in  water  the  hexa- 
hydrate  of  CoC]|  (preparation  of  "pure"  grade  was  three  times  recrystallized  from  distilled  water  and  dried  in  a 
vacuum  to  constant  weight).  The  heats  of  solution  at  2,  50,  and  75"  were  measured  by  dissolving  only  the  an¬ 
hydrous  CoCl|  (prepared  by  heating  C0CI2  •  6H2O  at  140"  for  3  -4  hr).  To  determine  the  heats  of  formation  of  the 
hexahydrate  from  the  anhydrous  salt  and  water  at  18  and  25"  and  to  check  the  only  published  value  of  AHjj^ 
(Thomsen),  the  heats  of  solution  of  anhydrous  CoClg  ’./ere  determined  at  18  and  25"  and  at  the  same  concentra¬ 
tion.  The  specific  heat  of  the  solutions  and  the  heats  of  solution  of  C0CI2  are  given  in  Tables  1-3  and  plotted  in 
Figs.  1  and  2. 
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As  always,  the  specific -heat  isotherms  are  smooth  curves,  which  at  low  concentrations  almost  merge  into  one 
another.  At  higher  concentrations  the  50  and  75*  isotherms  deviate  from  the  other  two.  The  heats  of  solution  at 
infinite  dilution  (AH0)  at  2,  18,  25,  50,  and  75*  were  obtained  by  the  extrapolation  of  our  isotherms  from  m  =  0.02 
molal  to  m  =  0  (without  allowance  for  the  heat  of  dilution  in  the  Debye  region).  Results  are  given  in  Table  4. 


Fig,  1.  Specific  heats  of  aqueous  C0CI2  solutions  at 
various  temperature. 


Fig.  2.  Integral  heats  of  solution  of  anhydrous  CoC]2 
in  water  at  various  temperatures. 


Fig.  3.  Relative  partial  molal  enthalpies  of  water 
in  the  C0CI2-H2O  system. 


Fig.  4.  Relative  partial  molal  enthalpies  of  CoClg 
in  the  CoCle-H^O  system. 


Table  5  contains  the  heats  of  solution  at  m  =  0.139  molal  (for  comparison  with  Thomsen’s  data)  and  the  heat 
of  the  reaction 

CoCl2cryst  , 

calculated  from  the  heats  of  solution  of  the  anhydrous  salt  and  the  hydrate. 

The  average  value  of  the  heat  of  formation  of  the  hexahydrate  from  the  crystalline  salt  and  water,  obtained 
from  the  heats  of  solution  at  infinite  dilution  (Table  4),  is  -20865  cal/mole;  from  direct  measurements  (Table  5) 
we  found -20882  cal/mole.  The  discrepancy  being  less  than  0.1%  suggests  that  our  values  of  AH^,  obtained  by 
extrapolation  of  m  =  0,  are  sufficiently  reliable. 
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EXPERIMENTAL 

Integral  Heats  of  Solution  of  Cobalt  Chloride  in  Water  and  the  Specific  Heats  of  the 
Solutions 

A  classification  of  electrolytes  [32]  based  on  the  type  of  the  curves  representing  the  relation  between  the  in¬ 
tegral  heats  of  solution  and  concentration  at  25*  was  first  proposed  and  actually  made  in  1936,  The  classification 
was  based  on  the  heats  of  solution  over  the  entire  concentration  range  from  m  =  0  to  saturation  for  the  13  electrolytes 
which  had  been  investigated  by  that  time.  In  1947  the  classification  was  extended  and  its  validity  confirmed  [35], 

By  1956,  35  salts  [4]  had  been  examined  in  this  way.  However,  thermochemical  data  over  a  wide  temperature  range 
were  available  for  only  7  aqueous -electrolyte  systems,  mainly  investigated  in  our  laboratory.  The  remainder  referred 
to  18  or  25*.  It  was  noted  that  change  of  temperature  has  a  strong  effect  on  the  form  of  the  curves  expressing  the 


Fig.  5,  Apparent  ^ecific  heats  of  C0CI2  Fig.  6.  Apparent  specific  heats  of  C0CI2  in  the 

in  the  C0CI2-H2O  system  at  2°.  C0CI2-H2O  system  at  18,  25,  50,  and  75*. 


dependence  of  the  thermochemical  properties  of  the  electrolyte  solutions  on  concentration.  In  particular,  a  regular 
transition  from  one  type  of  curves  to  another  has  been  observed  when  the  temperature  was  changed.  Recently  [5] 
studies  were  extended  to  -6*  and  a  definite  relation  has  been  established  between  the  temperatures  of  these  transi¬ 
tions  and  the  heats  of  hydration  of  the  ions  comprising  the  given  electrolyte. 

The  present  C0CI2-H2O  system  is  the  eighth  to  be  investigated  over  a  wide  temperature  range.  At  18  and  25* 
it  belongs  to  Class  1  in  the  above  classification  [32].  The  heats  of  solution  become  less  exothermic  with  increase  in 
concentration.  The  AHj^  =  f(m)  curve  for  C0CI2  at  25*  exhibits  the  following  peculiarities:  1)  A  slope  higher  than 
that  of  similar  curves  for  MgCl2  and  CaCl2  [6].  Since  the  heat  of  solvation  of  the  Co’^"''  ion  —499  kcal/g- 

ion)  is  much  greater  than  for  Mg++  (-467  kcal/g-idn)  and  Ca+'’'  (-386  kcal/g-ion),  then,  according  to  ideas  discussed 
previously  [32],  a  more  marked  effect  of  the  energetic  (up  to  the  limit  of  complete  solvation*  )  and  coordination 
desolvation  (beyond  this  limit)  is  to  be  expected.  2)  There  is  an  unusual  tendency  among  the  heat-of-solution  (Fig.  1) 
and  specific -heat  isotherms  (Fig.  2)  for  die  50  and  75*  curves  to  "break  away"  from  those  at  low  temperatures.  This 
may  be  related  to  the  fact  that  the  transition  temperature  from  the  hexahydrate  to  the  dihydrate  of  crystalline  CoC^ 
is  near  50*  [7].  The  sharp  downward  turn  of  the  2°  isotherm  is  not  unexpected -it  is  characteristic  of  the  majority  of 
electrolytes  and  is  related  to  changes  in  the  structure  of  water  between  0  and  25°, 

Relative  Partial  Molal  Enthalpies  and  Partial  Molal  Heat  Capacities 

We  have  calculated  the  relative  partial  molal  enthalpies  of  CoCl2  and  H2O  (Lj  and  I^)  in  the  C0CI2— H2O 
system  at  2,  18,  25,  50,  and  75*.  The  apparent  specific  heats  (#q  ),  partial  molal  heat  capacities  of  C0CI2 

and  the  relative  partial  molal  heat  capacities  of  H2O  in  the  system  (Cp  -  Cp)  were  also  calculated  at  the  same  tem¬ 
perature.  These  quantities,  calculated  by  a  well  known  method  (see  lor  example  [4,  5,  37]),  are  given  in  Tables 


•  For  die  explanation  of  the  concepts  "energetic  and  cowdination  desolvation"  and  "limit  of  complete  solvation," 
see  [36]. 
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6  and  7  and  plotted  as  a  function  of  concentration  in  Figs.  3-6.  The  results  for  18*  are  not  quoted,  since  they  were 
virtually  identical  with  those  at  25*.  For  comparison,  the  concentration  dependence  ofTi  andl^  for  CaCl^  and  MgCl 
[6]  is  also  plotted  in  Figs.  7  and  8.  The  relative  positions  of  die  curves  for  CoClg  are  unexpected  since  if  the 
generalized  moment  (r/Zj)  is  taken  as  the  characteristic  of  the  Co"’’'*’  ion,  the  Lj  and  1^  curves  should  fall  between  the 
corresponding  ones  for  MgCl2  and  CaC^  ^^^Mg'*"''  ~  *^^Co++  ~  ^^Ca++  ~  position  of  the  tj 

and  I2  curves  for  C0CI2  in  relation  to  concentration  shows  that  the  effect  of  the  Co++  ion  on  water  is  greater  than  that 
of  its  analogues  with  inert  gas -structures.  This  is  obviously  due  to  its  marked  capacity  for  complex  formation  and 
to  the  appearance  of  partial  nonelectrostatic  bonds. 


Fig.  7.  Comparison  of  the  concentra¬ 
tion  dependence  of  Lj  at  25*  for  aque¬ 
ous  solutions  of  MgCl2,  CaCl2,  and 
C0CI2. 


Molality  of  salt 

Fig.  8.  Comparison  of  the  concentra¬ 
tion  dependence  of  at  25*  for  aque 
ous  solutions  of  MgCl2,  CaCl2,  and 
C0CI2. 


To  evaluate  =  C^  at  2,  25,  50  and  75*,  we  resorted  to  extrapolation  of  the  values  of  from  m  =  0.5-1 

molal  to  m  =  0.  Our  value  of  =  C®^  for  C0CI2  at  25*  agreed  with  that  found  in  [15]  ^  ^p2  ~ cal/m  'e 

deg).  Unlike  our  findings  for  Lj  and  T^,  the  value  of  C®^  for  the  Co'*"*'  ion  (-53.3  cal/g-ion  •  deg  at  25*),  calculated 

on  the  scale  of  K.  P.  Mishchenko  and  A.  N.  Ponomareva  [37],  assuming  Cp(2:i-  =  intermediate  between 

those  for  the  Ca'*"''  and  Mg"'"*'  ions  (-54.3  and  -51.3  cal/g-ion  •  deg).  Thus  the  peculiarity  noted  in  the  heat  content 
is  not  reflected  in  the  heat  capacities. 

Let  us  now  examine  the  variation  of  and  Cp^  with  >/in.  The  shape  of  the  isotherm  at  2,  50,  and  75° 

is  similar  to  that  for  other  electrolytes,  i.e.,  as  the  temperature  increases  the  values  of  become  less  exothermic 

and  the  relation  is  almost  linear.  However,  the  18  and  25*  isotherms  of  exhibit  a  characteristic  break  which 

P 

leads  to  an  almost  horizontal  section  between  m  =  2  and  m  =  2.9.  On  further  increase  in  concentration,  again 

begins  to  increase  and  continues  to  do  so  until  saturation.  This  peculiarity  of  the  diape  was  not  observed  earlier  [15] 
because  the  concentration  range  investigated  was  restricted  and  hardly  reached  the  limit  of  complete  solvation.  So 
far  the  characteristic  shape  of  these  isotherms  can  only  be  given  a  qualitative  explanation. 

At  2*  equilibrium  in  solution  is  probably  almost  completely  displaced  towards  the  hexahydrate,  and  this  is 
confirmed  by  the  color.  At  high  temperatures,  on  the  other  hand,  the  dihydrate  complex,  CoCl4(H20)2"",  pre¬ 
dominates.  In  the  intermediate  range  of  temperatures  the  system  is  apparently  most  complicated  because  of  the 
presence  of  various  complexes,  and  this  leads  to  deviation  from  the  usual  shape  of  the  isotherms. 
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TABLE  6.  Relative  Partial  Molal  Enthalpies  of  CoClxflc)  and  HjOfLi)  in  the  C0CIJ-H2O  System  at  2,  18,  25,  50,  and  7 


1636 


TABLE  7.  Apparent  Specific  Heats  and  Partial  Molal  Heat  Capacities  of  CoClg  and  H2O  in  the  CoC]2-H20  System 
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SUMMARY 

The  integral  heats  of  solution  of  CoClj  and  CoClg  •  6H2O  in  water  and  the  specific  heats  of  the  solutions  have 
been  measured  over  a  wide  range  of  concentrations  at  2,  18,  25,  50,  and  75*.  The  corresponding  partial  molal  quan¬ 
tities  have  also  been  evaluated. 

It  has  been  shown  that  the  Co++  ion  differs,  in  a  number  of  its  thermochemical  properties,  from  cations  with 
inert -gas  structures  which  were  investigated  previously.  In  agreement  with  the  results  from  other  experimental  tech¬ 
niques,  some  peculiarities  of  this  system  may  be  e;q)lained  in  terms  of  complex  formation  and  dehydration  when 
temperature  and  concentration  are  varied. 
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From  measurements  of  the  magnetic  susceptibility  of  a  large  number  of  organic  compounds,  Pascal  [1]  came 
to  the  conclusion  that  the  molecular  magnetic  susceptibility  (xj^)  may  be  determined  as  the  sum  of  the  atomic  suscep¬ 
tibilities,  as  is  done  in  calculating  the  molecular  refraction.  In  the  general  case,  Pascal’s  scheme  can  be  represented 
by  the  following  empirical  relation. 


Here  nj^  is  the  number  of  atoms  possessing  susceptibility  X|  and  X  is  a  correction  factor  depending  on  the  nature 
of  the  bonds  in  the  molecule. 

In  this  equation,  xj  is  not  the  theoretical  magnitude  for  an  isolated  atom  [2]  but  is  an  empirical  value  found 
from  experimental  data.  The  structural  correction  X  is  also  found  from  experimental  data.  Although  Pascal's  system 
has  an  empirical  character,  it  corresponds  satisfactorily  with  experimental  results.  In  recent  years,  Pascal  and  co¬ 
workers  [3],  using  new  experimental  data,  have  revised  his  system,  mainly  in  the  direction  of  defining  the  constants 
more  closely.  However,  this  system  has  a  number  of  serious  disadvantages,  which  have  repeatedly  been  indicated  in 
the  literature  [4-7].  Experiments  have  been  carried  out  to  give  a  physical  interpretation  of  Pascal's  structural  factor. 
Dorfrnan  considers  that  the  empirical  law  found  by  Pascal  can  be  explained  by  an  initial  polarization  paramagnetism 
in  diamagnetic  molecules  [4].  Polarization  paramagnetism,  discovered  by  Van-Vleck  [8],  is  a  consequence  of  a  dis¬ 
tortion  of  the  spherical  symmetry  of  a  molecule. 

As  is  well  known,  the  molecule  of  tin  tetrachloride  has  a  tetrahedral  structure  [9],  in  consequence  of  which  an 
appreciable  deformation  of  the  spherical  symmetry  of  the  molecule  cannot  be  present.  Consequently,  this  compound 
cannot  possess  polarization  paramagnetism.* 

On  the  formation  of  complex  compounds  of  the  type  SnCl4  •  A  or  SnCl4  •  2A,  where  A  is  an  organic  molecule 
containing  a  donor  atom,  the  donor -acceptor  bond  which  arises  must,  obviously,  substantially  distort  the  shape  of  the 
electron  cloud  of  the  SnCl4  molecule,  and  this,  in  its  turn,  will  lead  to  the  appearance  of  polarization  paramagnetism. 
The  magnitude  of  the  latter  must  depend  on  the  strength  of  the  complex  formed  and  on  the  degree  of  polarizability 
of  its  coordinate  bond. 

To  investigate  this  question,  we  investigated  the  magnetic  susceptibility  of  complex  compounds  formed  by  tin 
tetrachloride  with  acetic,  monochloroacetic,  monobromoacetic,  monoiodoacetic,  and  benzoic  acids  in  benzene  so¬ 
lutions. 

The  substances  used  in  the  investigation  were  subjected  to  careful  purifrcation.  The  methods  of  purifying  the 
benzene,  tin  tetrachloride,  and  acetic,  monochloroacetic,  and  benzoic  acids  have  been  described  by  us  earlier  [10, 11]. 
We  shall  only  mention  here  that  the  monobromoacetic  acid  was  washed  with  carbon  tetrachloride,  dried  in  a  current 
of  dry  air,  and  distilled.  The  fraction  boiling  in  the  range  207.8-208.0“  (754  mm)  was  collected  and  dried  in  vacuo 
over  phosphorus  pentoxide.  This  product  had  m.p.  49.8“.  Before  use,  it  was  freshly  distilled  under  reduced  pressure. 
The  monoiodoacetic  acid  was  synthesized  by  a  reported  method  [12]  and  recrystallized  from  petroleum  ether.  After 
drying  over  phosphorus  pentoxide  the  crystals  of  the  product  obtained  had  m.p.  82.4“. 

*  However,  the  CCI4  molecule,  in  Dorfman's  opinion  [4],  possesses  a  considerable  polarization  paramagnetism. 
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TABLE  1.  Molecular  Magnetic  Susceptibilities  of  the  Acids 
Investigated 


Acid 

^M 

Experimental 

value 

Calculated 
according 
to  Pascar 

^’'M  =  *M  exp. 
~^M  calc. 

CH2CICOOH 

44.5 

46.6 

2.1 

CHjBrCOOH 

53.0 

54.9 

1.9 

CH2ICOOH 

68.4 

69.9 

1.5 

CellsCOOH 

80.0 

81.4 

1.4 

CH3COOH 

33.9 

34.8 

0.9 

The  measurements  of  magnetic  susceptibility  were  carried  out  by  Gouy's  method  [13-14].  Calculation  of  the 
specific  magnetic  susceptibility  was  carried  out  according  to  the  formula 


Awj  rn\ 

X.y  =  I,  -p-i-  •  — ~ 


where:  Xj  and  Xj  are  the  specific  susceptibilities  of  the  substance  under  investigation  and  a  standard;  Awj  and  Awj 
are  the  changes  of  weight  of  the  substance  under  investigation  and  the  standard  in  the  magnetic  field;  and  m2  and  mj 

are  their  corresponding  masses.  As  the  standard  substance  we  used  carefully 
purihed  benzene  saturated  with  air.  The  tabular  value  of  the  specific  mag- 


^M 


netic  susceptibility  was  taken  by  us  as  0.702  •  10" 
it  from  the  formula 


[14].  We  also  determined 


2Uw 


sp 


H»m  .  1.019 


Molecular  magnetic  susceptibility  of 
the  systems  investigated.  1)  Sna4- 
CHjClCOOH;  2)  SnCl4-CH2BrCOOH; 
3)  SnCl4-CH2lCOOH;  4)  SnCl4- 
CgHgCOOH;  5)  SnCl4-CH3COOH. 


tween  the  magnet  and  the  external  wall 
specific  magnetic  susceptibilities  of  the 


where  I  is  the  height  of  the  column  of  benzene  (in  cm)-in  our  experi¬ 
ments  it  was  15  cm;  Aw  is  the  change  in  weight  of  the  benzene  in  the 
magnetic  field;  and  H  is  the  intensity  of  the  field.  Measurements  were 
carried  out  in  fields  of  5000-8000  oersted.  We  found  a  value  for  the 
specific  magnetic  susceptibility  of  0.703  •  10"®.  This  figure  is  the  mean 
of  5-6  measurements  which  differed  from  one  another  by  not  rntwe  than 
two  units  in  the  third  place  after  the  decimal  point,  i.e.,  the  error  did  not 
exceed  0.5%.  The  apparent  change  in  weight  of  the  tube  with  the  substance 
undor  investigation  was  determined  with  the  aid  of  a  microanalytical  balance. 
The  weighing  of  each  solution  was  carried  out  not  less  than  three  times. 

A  correction  for  the  change  in  magnetic  susceptibility  of  the  glass  tube  in 
the  magnetic  field  was  made  to  the  final  result.  The  pole  caps  of  the  mag¬ 
nets  had  the  form  of  truncated  cones  with  a  diameter  for  the  flat  part  of 
about  7  cm;  consequently,  in  the  region  where  the  measurements  were 
carried  out,  the  field  had  a  completely  determined  intensity. 

The  poles  possessed  a  very  small  residual  magnetization.  In  order  to 
maintain  the  constancy  of  the  strength  of  the  field  and  to  eliminate  con¬ 
vection  currents  which  could  substantially  affect  the  accuracy  of  the 
weighings,  the  magnets  were  provided  with  cooling  devices.  The  space  be- 
of  the  tube  containing  the  substance  was  not  less  than  2.5-3  mm.  The 
complex  compounds  in  benzene  solution  were  calculated  from  the  formula 


'^sp.  comp 


_  Xsp.  .,oln.  ~  Xxp.  benz.  (l~y) 
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TABLE  2.  Molecular  Magnetic  Susceptibility  of  the  Complexes 
SnCl4  •  2A 


Complex 

*M  "  i 

Experi¬ 

mental 

0“* 

Calcu¬ 

lated 

value 

Axj,  •  10~* 

f^compl. 
(in  deb  ye 
units) 

SnCVZCHgClCOOH 

58.2 

68.3 

10.1 

3.44 

SnCl4-2CH2BrCOOH 

57.0 

73.9 

16.9 

3.59 

SnCl4'2CH2lCOOH 

61.1 

84.0 

22.9 

4.15 

SnCU-2CfiHiCOOH 

51.4 

91.H 

40.2 

5.73 

SnCl4-2CHjCOOH 

20.4 

61.7 

41.3 

6.38 

where  y  represents  the  parts  by  weight  of  the  complex  in  the  solution,  and  x^p  comp.*  ^p.  benz.*  *sp.  soln* 
the  specific  susceptibilities  of  the  complex,  the  benzene,  and  the  solution  as  a  whole,  respectively.  We  previously 
determined  the  molecular  magnetic  susceptibilities  of  the  above-mentioned  acids.  The  results  of  these  investiga¬ 
tions  are  given  in  Table  1,  where  the  values  of  the  molecular  susceptibilities  calculated  in  accordance  with  Pascal's 
new  system  [3,  4,  15]  are  also  given.  The  last  column  give  the  difference  between  the  experimental  results  and  the 
calculated  values. 

It  can  be  seen  from  the  data  for  Table  1  that  Axj^  increases  in  the  direction  in  which  the  value  of  the  elec¬ 
tronegativity  of  the  radical  in  the  acids  investigated  increases.  Axj^  rises  in  the  direction  in  which  the  degree  of 
deformation  of  the  electron  cloud  of  the  molecule  of  the  acid  through  the  induction  effect,  which  appears  as  a  dis¬ 
placement  of  the  electron  density  in  the  direction  of  the  electronegative  radical,  rises.  Obviously,  this  situation 
leads  to  the  appearance  of  a  considerable  polarization  paramagnetism  in  the  acids  under  investigation. 

The  results  of  the  investigation  of  the  magnetic  susceptibilities  of  systems  containing  SnCl4  with  the  acids 
listed  above  are  shown  in  the  figure. 

The  isotherms  of  the  molecular  magnetic  susceptibilities  of  all  five  systems  lie  above  the  line  of  additivity. 
What  is  more,  the  isotherms  of  the  systems  SnCl4  •  CH3COOH,  SnCl4  •  CgHsCOOH,  and  SnCl4  •  CH2ICOOH  pass  through 
a  maximum  corresponding  to  33.3  moles  %of  tin  chloride,  i.e.,  the  composition  of  the  complex  SnCl4  •  2A.  The 
presfence  of  a  complex  compound  of  this  composition  has  been  shown  by  a  number  of  investigations  [16-18].  The 
question  of  the  possibility  of  using  the  measurement  of  magnetic  susceptibility  for  the  purpose  of  physico-chemical 
analysis  was  put  in  the  literature  by  N.  A.  Trifonov  [19],  who  attached  great  importance  to  the  study  of  the  magnetic 
properties  of  liquid  systems. 

The  values  of  the  molecular  magnetic  susceptibility  for  the  complexes  of  the  composition  SnCl4  •  2A  found 
experimentally,  and  also  the  values  calculated  from  the  additivity  rule,*  are  given  in  Table  2.  The  difference  be¬ 
tween  them  is  given  in  the  penultimate  column,  and  the  values  of  their  dipole  moments  determined  by  us  in  ben¬ 
zene  solutions  [11]  in  the  last  column. 

It  can  be  clearly  seen  from  the  data  of  Table  2  that  the  experimental  values  for  the  molecular  magnetic 
susceptibilities  of  all  the  complex  compounds  investigated  differ  considerably  from  the  calculated  values  in  the 
direction  of  an  increase  in  the  paramagnetic  component.  It  is  probably  that  this  considerable  increase  in  the  para¬ 
magnetic  component  on  complex  formation  can  be  explained  by  a  strongly  polarized  donor -acceptor  bond.  Actually, 
the  formation  of  a  donor -acceptor  bond  is  accompanied  by  the  preferential  distribution  of  the  two  electrons  of  the 
donor,  in  our  case  the  oxygen,  about  the  acceptor -tin.  This  leads  to  the  swelling  of  the  electron  cloud  of  the  SnCl4 
molecule  which,  of  course,  leads  to  a  considerable  distortion  of  the  spherical  symmetry  of  the  molecule  and,  con¬ 
sequently,  to  the  appearance  of  polarization  paramagnetism.  The  results  of  our  investigations  (Table  2)  also  show 
that  the  paramagnetic  component  increases  in  the  order  of  the  complex  compounds:  SnCi4  •  2CH2CICOOH,  SnCl4  • 

.  2CH2BrCOOH,  SnCl4  •  2CH2ICOOH,  SnCl4  •  2C6H5COOH,  SnCl4  •  2CH3COOH.  The  dipole  moments  of  the  complex 

•  The  molecular  magnetic  susceptibility  of  the  SnCl4  used  was,  according  to  our  measurments,  114.0. 
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compounds  considered  increase  in  the  same  direction.  Thus,  there  is  a  direct  link  between  the  polarization  para¬ 
magnetism  and  the  polarity  of  a  molecule. 

The  parallel  character  of  the  change  of  the  paramagnetic  component  of  the  susceptibility  and  the  dipole 
moment  in  the  series  of  complex  compounds  given  above  indicates  diat  both  these  magnitudes  mirror  one  and  the 
same  phenomenon,  namely,  the  degree  of  asymmetry  of  the  complex  molecule.  Consequently,  polarization  mag¬ 
netism  can  be  used  as  a  criterion  of  the  establishment  of  true  symmetry  in  a  molecule.  This  question  requires  detailed 
investigations. 

We  have  already  mentioned  above  that  the  introduction  into  the  molecule  of  acetic  acid  on  an  electronegative 
halogen  atom  leads  to  a  diminution  in  the  paramagnetic  component  of  the  permeability  and  the  dipole  moment  of  a 
complex  compound  of  SnCl4.  The  thermal  stability  of  the  complex  compounds  decreases  in  the  same  direction  on 
account  of  a  considerable  weakening  of  the  donor -acceptor  link  between  the  atoms  of  tin  and  oxygen  on  the  introduc¬ 
tion  into  the  radical  of  the  acid  of  a  more  electronegative  halogen  atom. 

SUMMARY 

1.  The  magnetic  susceptibility  of  systems  formed  by  tin  tetrachloride  with  acetic,  benzoic,  monoiodoacetic, 
monobromoacetic,  and  monochloroacetic  acids  has  been  determined. 

2.  It  has  been  established  that  the  paramagnetic  component  of  the  susceptibility  decreases  considerably  on 
complex  formation,  which  is  probably  connected  with  the  presence  of  polarization  paramagnetism. 

3.  It  has  been  shown  that  the  greater  the  paramagnetic  component  of  the  susceptibility  the  greater  the  dipole 
moment  of  the  complex. 
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Continuing  our  study  on  the  mutual  influence  of  substituents  on  the  acidic  properties  of  aromatic  compounds 
and  on  their  capacity  for  complex  formation  with  stannic  chloride  [1],  we  have  studied  the  stannic  chloride -o- 
nitroanisole  system. 

Pushin  [2],  from  fusibility  diagrams  of  this  system,  came  to  the  conclusion  that  a  compound  of  equimolecular 
composition  was  formed  in  it.  This  appears  quite  natural  if  one  considers  only  the  fact  that  the  molecule  of  o-nitro- 
anisole  contains  two  substituting  groups  each  of  which,  as  has  been  shown  [1],  is  capable  of  occupying  one  coordina¬ 
tion  site  in  SnCl4.  However,  if  one  takes  account  of  the  fact  that,  as  a  result  of  the  mutual  influence  of  the  NC)2  and 
OCH3  groups  in  the  molecule  of  o-nitroanisole,  the  basic  properties  of  the  NO^  group  are  strengthened  and  the  basic 
properties  of  the  OCH3  group  are  weakened  and  that,  in  complex  formation  with  stannic  chloride,  o-nitroanisole 
fulfils  the  function  of  base,  then  it  is  rather  to  be  expected  that  a  compound  of  SnCl4  with  two  molecules  of  o-nitro¬ 
anisole  will  be  formed  in  this  system  through  the  NO^  groups. 

Therefore  we  first  attempted  to  confirm  Pudiin's  results.  Mixtures  of  stannic  chloride  and  o-nitroanisole  in 
equimolecular  and  other  ratios  were  prepared.  All  the  mixtures  were  very  viscous  and  crystallized  with  difficulty. 
Crystals  appeared  in  the  mixtures  on  long  standing.  Not  one  of  the  mixtures,  including  the  equimolecular  mixture, 
could  be  crystallized  completely,  which  is  contrary  to  Pushin’s  results.  In  view  of  this  great  difficulty  of  crystallizing 
mixtures  of  stannic  chloride  and  o-nitroanisole,  we  subsequently  investigated  the  liquid  phase  of  the  system. 


Fig.  1.  Viscosity  as  a  function  of  the 
composition. 


Fig.  2.  Specific  volume  as  a  function  of  the 
composition. 
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Content  of 


Viscosity  (in  centipoises) 


Density 


Moles  ‘7® 

Weight  ^0 

20» 

40“ 

en“  1 

20“  1 

1 

40“ 

fiO° 

100.00 

100.00 

5.54 

3.14 

1.99 

1.2520 

1.2349 

1.2140 

92.10 

87.21 

6.30 

3.36 

2.14 

1.3369 

1.31.54 

1.2922 

84.81 

76.60 

6.64 

3.36 

2.00 

1.41.58 

1.3906 

1.3647 

80.12 

70.31 

6.71 

3.33 

1.97 

1.46.52 

1.4395 

1.4100 

71.60 

59.70 

6.60 

3.12 

1.96 

1.5.545 

1.5197 

1.4945 

65.00 

52.20 

6.14 

2.92 

1.70 

1.6247 

1.5931 

1.5622 

60.02 

46.81 

5.69 

2.74 

1.65 

1.6759 

1.6425 

1.6098 

47.42 

34.60 

4.12 

2.15 

1.35 

1.8073 

1.7690 

1.7271 

36.03 

24.91 

2.73 

1.67 

1.13 

1.9106 

1.8719 

1.8281 

17.70 

11.22 

1.73 

1.17 

0.87 

2.0247 

1.9834 

1.9395 

0.00 

0.00 

0.93 

0.76 

0.64 

2.2340 

1 

2.1819 

1 

2.1288 

EXPERIMENTA  L 

The  stannic  chloride  was  purified  as  before  [3].  Nitroanisole  of  "pure  for  analysis"  grade  was  dried  over  potash 
and  twice  subjected  to  vacuum  distillation.  The  fraction  with  b.p.  125  (12  mm),  n  1.5617  was  used  for  the  in¬ 
vestigation. 

The  SnCl4-C6H^N02)0CH3  system  was  studied  by  us  with  respect  to  viscosity  and  density  at  20,  40,  and  60°, 

The  results  of  the  measurements  are  given  in  the  table  and  illustrated  in  Figs.  1-3,  One  mixing  stannic  chloride 
with  o -nitroanisole,  a  slight  evolution  of  heat  was  observed  and  the  mixture  assumed  a  reddish  orange  color. 

The  viscosity  isotherms  (Fig.  1)  are  irrational  curves  passing  through  a  maximum  which,  with  a  rise  in  the  tem¬ 
perature  are  displaced  in  the  direction  of  the  o -nitroanisole  and  are  depressed.  The  specific  volume  isotherms  (Fig.  2) 
are  convex  to  the  axis  of  composition.  The  system  does  not  conduct  electricity. 

The  viscosity  diagram  obtained,  which  reflects  a  chemical  interaction  of  the  components,  does  not  indicate 
the  composition  of  the  compound  formed.  In  order  to  ascertain  the  composition  of  the  compound,  we  plotted  iso¬ 
therms  of  the  logarithm  of  the  viscosity  and  its  divergence  from  the  line  of 
additivity  (Fig.  3).  The  maximum  divergence  from  the  line  of  additivity 
^  ■  20’  found  at  33  moles  of  SnCl4,  which  corresponds  to  a  compound  of  the 

composition  SnCl4  •  2C6H4(NC^)OCH3.  Then  we  attempted  to  obtain  the 
^  compound  of  stannic  chloride  with  o -nitroanisole  from  a  solvent.  On  mixing 

g  S0'‘  stannic  chloride  with  o -nitroanisole  in  benzene,  a  yellow  crystalline 

.  precipitate  separated.  The  precipitate  was  filtered  off,  washed  with  ben- 

zene,  dried  in  the  vacuum  desiccator,  and  subjected  to  analysis  of  precipi- 
0  6  -  \  tates  separating  out  from  the  mixtures  of  benzene  solutions  of  stannic 

05  chloride  and  o -nitroanisole. 

Found  ®7o:  Sn  22.04,  22.40;  Cl  25,84,  26.01  (on  mixing  the  com- 
\i  ponents  in  a  1  :  1  ratio).  Found  °]o:  Sn  22,48;  Cl  25,20,  25.60  (on  mixing 

in  a  1  :  2  ratio).  SnCl4  •  C6H4(N02)0CH3.  Calculated ‘Vo :  Sn  28.70;  Cl 

\  SnCl4  .  2C6H^N02)0CH3.  Calculated  <7o:  Sn  20.95;  Cl  25.00. 

0. 1  -  analytical  results  that  on  mixing  the  com  - 

■  I  ponents  both  in  a  1  : 1  ratio  and  in  a  1  :  2  ratio,  a  compound  of  the  com- 

^\ot(!V0i}0CHf  SnClt  position  SnCl4  •  2C6H4(N02)OCH3  crystallized  from  the  solution. 


moles  °fo 


Fig.  3.  Log  T]  and  A  log  t)  as  func¬ 
tions  of  the  composition. 


We  determined  the  molecular  weight  of  this  compound  in  nitro¬ 
benzene  by  the  cryoscopic  method.  It  proved  to  be  605  (formula  molecular 
weight  566.6).  The  compound  melted  at  72,5°. 


Thus,  investigation  of  the  liquid  phase  gave  an  indication  of  the  for¬ 
mation  of  a  compound  of  stannic  chloride  with  two  molecules  of  o-nitro- 
anisole.  A  compound  of  the  same  composition  was  obtained  from  benzene.  We  were  unable  to  obtain  any  indications 
of  the  formation  of  the  equimolecular  compound  found  by  Pushin. 


The  formation  of  the  compound  SnCl4  •  2C6H4(NC^)OCH3  takes  place  as  a  result  of  an  oxygen -tin  interaction 
in  which  the  SnCl4  fulfils  the  function  of  an  acid  and  the  C6H4(NQj)OCH3  the  function  of  a  base.  In  consideration  of 
the  mutual  influence  of  the  nitro  and  methoxy  groups,  it  may  be  assumed  that  the  attachment  of  the  o-nitroanisole 
to  the  SnCl4  takes  place  through  the  nitro  group. 

SUMMARY 

1.  The  viscosity  and  density  of  the  stannic  chloride -o-nitroanisole  system  have  been  studied  at  20,  40,  and  60'. 
The  system  does  not  conduct  electricity. 

2.  From  the  magnitude  of  the  maximum  deviation  of  the  logarithm  of  the  viscosity  from  the  line  of  additivity, 
it  was  concluded  that  the  compound  SnCl4  •  2QH^NC\)OCH3  is  formed  in  the  liquid  phase. 

3.  The  compound  SnCl4  •  2C6H4(N02)OCH3  has  been  isolated  from  benzene  solution,  m.p.  72.5'. 

4.  The  hypothesis  that  the  attachment  of  the  o-nitroanisole  to  the  SnCl4  takes  place  through  the  nitro  group 
has  been  put  forward. 
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In  studying  the  action  of  water  on  full  esters  of  phosphorous  acid,  A.  E.  Arbuzov  [1]  established  that  the  re¬ 
action  of  the  latter  with  acidified  water  is  a  typical  catalytic  reaction.  The  catalysts  may  be  the  minutest  amounts 
of  mineral  acids.  Of  the  trialkyl  phosphites,  only  trimethyl  phosphite  was  saponified  in  the  absence  of  a  catalyst  of 
inorganic  acids,  the  others  being  extremely  stable  compounds  with  respect  to  water.  Then  a  reaction  mechanism  for 
the  saponification  of  the  trialkyl  phosphites  analogous  to  the  reaction  mechanism  of  the  Arbuzov 
rearrangement  was  proposed.  The  saponification  of  these  esters  takes  place  through  two  suc- 
T]  cessive  phases.  The  first  phase  is  the  addition  of  the  elements  of  water  to  the  ester  with  the 

formation  of  an  unstable  addition  product 


HI  /H 

P(0R)3  +  H0H  (RO)3P/^^ 


The  second  phase  is  the  splitting  out  from  the  addition  product  obtained  of  alcohol  with 
the  formation  of  a  dialkyl  phosphite 


i 


(0R)2 

9rR| 


ROH+  ^P<t 
^0 


Dilatometer  with 
magnetic  stirrer. 


As  we  have  already  reported  [2],  trimethyl,  triethyl,  tri-n -propyl,  tri-n -butyl,  and  tri- 
phenyl  phosphites  are  readily  saponified  by  pure  water  into  the  corresponding  dialkyl  phosphites. 
The  saponification  of  the  phosphites  proceeds  with  the  evolution  of  heat,  is  an  irreversible 
process,  and,  apparently,  does  not  depend  on  the  mass  of  the  reactants. 

It  has  been  established  by  dilatometric  investigations  that  the  velocity  of  true*  saponifica¬ 
tion  of  full  esters  of  phosphorous  acid  depends  in  the  first  place  on  the  size  of  the  radical  which 
the  ester  contains.  From  the  velocity  of  saponification  they  are  arranged  in  the  following  se¬ 
quence: 


P(0CH3)3  >  P(0C2H5)3  >  P(  n  -OC3H7)3  >  P{  n  -OC4H9)3. 


The  velocity  of  saponification  likewise  depends  on  the  temperature  at  which  the  reaction  is  carried  out.  The 
influence  of  the  temperature  on  the  velocity  of  the  saponification  is  normal,  as  for  the  majority  of  chemical  re¬ 
actions. 

We  also  studied  the  influence  of  the  reaction  product -the  dialkyl  phosphite -on  the  velocity  of  saponification 
of  the  esters,  using  triethyl  phosphite  as  an  example.  Experiments  with  the  addition  of  various  amounts  of  diethyl 

•  By  the  concept  of  "pure  saponification”  we  imply  the  saponification  of  esters  in  the  absence  of  any  catalysts,  i.e., 
saponification  by  pure  water. 
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TABLE  1.  Constants  of  the  Esters  Used 


Ester 

miHi 

P(0CH3)3 

520(100) 

1.0510 

1.4090 

P(0C2H6)3 

56(23) 

0.9559 

1.4133 

P(U(J3H7)3 

84.5-85  (10) 

0.9276 

1.4245 

P(0C4H9)3 

94—95  (3) 

0.9195 

1.4325 

P(0C6H6)3 

202—204(5—7) 

1.1879 

1.5910 

TABLE  2.  Velocity  of  Saponification  of  Trialkyl  Phosphites  by 
Water  at  25° 


Trialkyl 

phosphite 

Time  (in  min.)  during  which  the  following 
percentages  of  the  phosphite  were  saponified 

25»/, 

50«/, 

75% 

lOO*/, 

(CH30)3P 

(C2H50)3P 

8 

68—75 

8-9 

81—82 

10 

90 

61 

240 

(C3H70)3P 

750—810 

840—850 

870 

1110 

(G4H90)3P 

2010 

2110 

2140 

2400 

(CoH50)3P 

245 

265 

285 

365 

TABLE  3.  Influence  of  the  Temperature  on  the  Velocity  of 
Saponification  of  Trimethyl  and  Tri-n -Butyl  Phosphites 


Trialkyl 

phosphite 

Tem¬ 

pera¬ 

ture 

Time  (in  min)  during  which  the 
following  percentages  of  the 
ester  were  saponified 

1 

Apparent 
tempera¬ 
ture  coef¬ 
ficient 
(mean) 

25% 

50“/, 

75“/o 

100“/. 

{CH30)3P 

(CH,0)3P 

(C4H90)3P 

(C4H90)3P 

0° 

25 

25 

50 

10—15 

8 

2010 

30-58 

26 

8-9 

2110 

30-58 

110-120 

10 

2140 

65 

480 

61 

2400 

90 

1.81 

4.13 

phosphite  to  the  initial  mixture  of  equimolecular  amounts  of  the  phosphite  and  water  showed  that  the  reaction  prod¬ 
uct  is  a  substance  which  accelerates  the  saponification,  i.e.,  the  saponification  reaction  of  phosphites  is  autocatalytic. 

EXPERIMENTAL 

Preparation  and  purification  of  the  material.  In  the  study  of  the  velocity  of  the  sa{}onification  of  full  esters  of 
phosphorous  acid,  the  degree  of  purity  of  the  starting  materials— phosphites  and  water— is  of  extreme  importance, 
since  the  saponification  of  trialkyl  phosphites  is  greatly  slowed  down  by  minute  amounts  of  organic  or  inorganic 
bases  [2],  and  the  saponification  product -a  dialkyl  phosphite -accelerates  the  saponification  process.  Trialkyl 
phosphites  obtained  by  Milobendzki's  method  [3]  are  contaminated  with  an  organic  base— pyridine  or  dimethyl- 
aniline  [4,  5].  Further,  the  full  esters  obtained  both  by  Arbuzov's  method  [6]  and  by  Milobendzki's  method  [3]  al¬ 
ways  contain  [7]  a  greater  or  lesser  amount  of  the  di alkyl  phosphite. 
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TABLE  4.  Influence  of  the  Reaction  Products  on  the  Velocity  of 
Saponiflcation  of  Triethyl  Phosphite 


X 

Time  (in  min)  during  which  the  following  per¬ 
centages  of  triethyl  phosphite  were  saponified 

2d’]o 

50lo 

13^0 

lOCPlo 

0.000 

68-75 

81-82 

90 

240 

0.002 

23 

32-33 

45 

100 

0.050 

About  5 

About  5 

7 

50 

0.200 

— 

■ 

11 

TABLE  5.  Influence  of  the  Treatment  of  the  Initial  Triethyl  Phos¬ 
phite  with  Sodium  on  the  Velocity  of  Saponification  at  25°. 


Trietliyl 

phosphite 

Time  (in  min)  during  which  the  following  per¬ 
centages  of  triethyl  phosphite  were  saponified 

25% 

50% 

75% 

100% 

Treated  with  Na 
Untreated 

68-75 

9 

81-82 

12 

80 

16 

240 

125 

Experiments  on  the  velocity  of  saponification  of  triethyl  phosphite  obtained  by  various  methods  showed  that  the 
velocities  of  saponification  of  triethyl  phosphite  obtained  by  Arbuzov's  method  (through  sodium  ethoxide)  and  by 
Milobendzki's  method  in  the  presence  of  dimethylaniline  are  almost  identical.  The  velocity  of  saponification  of 
triethyl  phosphite  obtained  by  Milobendzki’s  method  in  the  presence  of  pyridine  is  approximately  12  times  less.  To 
avoid  the  influence  of  pyridine  on  the  reaction  velocity  in  the  study  of  the  rate  of  saponification  of  phosphites,  we 
used  trialkyl  phosphites  obtained  either  in  the  presence  of  dimethylaniline  or  through  the  corresponding  sodium  al- 
koxide.  The  trialkyl  phosphite  was  freed  from  contamination  with  dialkyl  phosphite  by  treatment  with  metallic 
sodium  in  dry  ether. 

Triphenyl  phosphite  was  obtained  by  the  action  of  phosphorus  trichloride  on  phenol  and  purification  by  vacuum 
distillation.  After  preparation,  the  substances  were  stored  in  sealed  tubes.  Before  use,  they  were  redistilled  in  vacuo. 
The  constants  of  the  full  esters  of  phosphorous  acid  used  for  the  study  of  the  velocity  of  saponification  are  given  in 
Table  1. 

The  water  used  for  the  saponification  of  the  phosphites  was  twice-  or  thrice -distilled  and  had  a  specific  elec¬ 
trical  conducitivity  at  25°  of  2.2  •  10"®  cm"^;  it  was  stored  in  a  Jena  glass  bottle  with  a  ground-in  stopper. 

The  diethyl  phosphite  was  obtained  by  the  saponification  of  triethyl  phosphite  synthesized  by  A,  E.  Arbuzov's 
method  and  had  the  following  constants:  b.p,  80°  at  20  mm  Hg,  nf)  1.4080. 

The  study  of  the  kinetics  of  the  reaction.  In  order  to  observe  the  course  of  the  reaction,  we  used  the  change  in 
volume  which  accompanies  the  saponification  of  trialkyl  phosphites  to  dialkyl  phosphites. 

The  method  of  dilatometric  determinations  was  fully  developed  by  A.  E.  Arbuzov  [1]  and  is  sufficiently  accurate 
for  the  study  of  the  velocity  of  the  Arbuzov  rearrangement.  As  is  well  known,  the  saponification  of  full  esters  of 
phosphorous  acid  yields  the  corresponding  dialkyl  phosphites  and  alcohol. 

According  to  our  investigations,  on  mixing  a  trialkyl  phosphite  with  its  saponification  product,  the  dialkyl 
phosphite,  practically  no  increase  or  decrease  in  volume  took  place.  On  mixing  a  trialkyl  phosphite  with  the  corre¬ 
sponding  alcohol,  again  no  appreciable  change  in  volume  takes  place,  but  on  mixing  a  dialkyl  phosphite  with  the 
corresponding  alcohol  there  is  a  considerable  change  in  volume.  Since  the  amount  of  alcohol  formed  as  a  result 
of  the  reaction  is  small  in  comparison  with  the  amount  of  dialkyl  phosphite,  the  change  in  volume  in  consequence 
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of  an  expansion  as  the  alcohol  accumulates  exerts  no  appreciable  influence  on  the  results.  Hence,  no  correction 
need  be  applied  to  the  volume  change.  Likewise,  no  correction  was  made  for  the  diminution  in  volume  at  the  moment 
of  disappearance  of  the  aqueous  phase,  because  the  amount  of  water  present,  by  weight,  is  extremely  small  in  com¬ 
parison  with  the  initial  and  final  reaction  products. 

The  saponification  of  phosphites  proceeds  initially  in  a  heterogeneous  system  consisting  of  two  liquid  phases— 
ester  and  water -and  then,  as  the  reaction  products  accumulate,  a  homogeneous  reaction  commences.  Therefore,  to 
accelerate  the  saponification  in  the  heterogeneous  system  in  the  experiments  on  the  velocity  of  saponification  of 
phosphites,  we  used  a  dilatometer  provided  with  a  magnetic  stirrer.  Thus,  for  example,  the  velocity  of  saponifica¬ 
tion  of  triethyl  phosphite  in  the  dilatometer  with  the  magnetic  stirrer  is  approximately  ten  times  greater  than  the 
velocity  of  saponification  without  stirring. 

To  determine  the  velocity  of  the  saponification  reaction  of  phosphites,  the  dilatometer  with  magnetic  stirrer 
illustrated  in  the  figure  was  used.  The  dilatometer  consists  of  a  reservoir  (1)  with  a  flat  base  and  a  capacity  of  8  ml, 
a  capillary  tube  (2)  300  mm  long  and  with  an  internal  diameter  of  3  mm,  and  a  magnet  (3)  sealed  in  glass.  For 
observing  the  meniscus,  a  scale  of  opal  glass  with  1  mm  divisions  is  fixed  to  the  capillary.  At  the  maximum  speed 
of  rotation  of  the  magnet  an  unstable  emulsion  is  formed  in  the  whole  volume  of  the  dilatometer  instead  of  layers 
of  phosphite  and  water. 

The  reaction  mixture  rapidly  assumes  the  temperature  of  the  thermostat  and  after  a  minute  or  two  expansion 
sets  in  (expansion  of  the  mixture  due  to  the  exothermic  nature  of  the  reaction).  This  point  was  taken  as  the  begin¬ 
ning  of  the  experiment.  Then  the  level  of  the  reaction  mixture  was  measured  after  predetermined  intervals  of  time. 
The  reaction  was  considered  completed  if  no  further  diminution  in  the  volume  could  be  observed  in  two  hours  or 
longer.  We  took  the  mean  value  of  3-4  parallel  experiments.  After  the  completion  of  the  reaction,  the  contents 
of  the  dilatometer  were  subjected  to  distillation,  as  a  result  of  which  the  appropriate  alcohol  and  dialkyl  phosphite 
were  isolated.  Table  2  gives  the  main  results  of  experiments  on  velocity  of  saponification  of  trimethyl,  triethyl, 
tri-n-propyl,  tri-n-butyl,  and  triphenyl  phosphites  by  an  equimolecular  amount  of  water. 

Taking  the  time  during  which  7^o  of  trimethyl  phosphite  is  saponified  as  unity,  we  obtain  the  following 
figures  for  the  relative  velocities  of  saponification  of  the  other  esters. 


Esters 


Relative  velocity 
of  saponification 


(CH30)3P  1 

9 

(CsHvOjaP  87 

214 

(CeHsOjaP  28.5 


Thus,  in  round  figures,  trimethyl  phosphite  is  saponified  10  times  faster  than  triethyl  phosphite,  30  times  faster 
than  triphenyl  phosphite,  90  times  faster  than  tri-n-propyl  phosphite,  and  200  times  faster  than  tri-n-butyl  phosphite. 

Table  3  gives  the  results  of  the  experiments  and  velocity  of  saponification  of  trimethyl  and  tri-n-butyl  phos¬ 
phites  at  various  temperatures. 

For  each  reaction,  the  temperature  coefficient  (per  10°)  was  determined  for  three  stages -25^o,  SO^o,  and  l&lo 
conversion.  Table  3  gives  the  arithmetic  mean  values.  As  can  be  seen  from  the  data  of  Table  3,  the  apparent  tem¬ 
perature  coefficient  for  the  saponification  of  trialkyl  phosphites  is  within  the  range  for  temperature  coefficients  of 
homogeneous  reactions. 

In  order  to  elucidate  the  influence  of  the  reaction  product  (i.e.,  dialkyl  phosphite)  on  the  velocity  of  saponifica¬ 
tion,  we  performed  a  series  of  experiments  on  the  saponification  of  triethyl  phosphite  in  which  we  added  various 
amounts  of  diethyl  phosphite  to  the  initial  mixture  of  equimolecular  amounts  of  triethyl  phosphite  and  water  before 
the  beginning  of  the  experiment.  All  the  experiments  were  carried  out  at  25°  and  the  composition  of  the  initial 
mixture  was  expressed  as  P(OC2H5)3  +  xfQHsOjgPOH.  The  results  are  given  in  Table  4. 
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The  previous  addition  of  diethyl  phosphite  to  the  initial  mixture  accelerates  the  reaction.  The  catalytic  action 
of  diediyl  phosphite  abo  explains  the  difference  in  the  velocities  of  saponification  of  triethyl  phosphite  previously 
treated  with  metallic  sodium  and  the  untreated  material. 

The  results  of  the  experiments  are  given  in  Table  5. 

SUMMARY 

1.  The  saponification  of  trimethyl,  triethyl,  tri-n -propyl,  tri-n -butyl,  and  triphenyl  phosphites  has  been  studied. 
It  has  been  found  that  all  the  esters  mentioned  are  readily  saponified  by  pure  water  with  the  evolution  of  heat. 

2.  The  velocity  of  saponification  of  phosphites  depends  on;  a)  the  size  of  the  ester  radical.  In  respect  of  the 
velocity  of  saponification,  the  esters  are  arranged  in  the  following  sequence:  P(OCH3)3  >  P(OC2H5)3  >  P(OC3H7)3  > 

>  P(0C4H9)8;  b)  on  the  temperature  of  the  reaction. 

3.  It  has  been  found  that  the  saponification  of  the  full  esters  of  phosphexous  acid  is  autocatalytic. 
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We  have  briefly  given  data  on  the  saponification  of  trialkyl  phosphites  in  the  presence  of  bases  in  a  previous 
communication  [1],  In  the  present  communication  we  shall  give  more  detailed  results  on  the  saponification  of  tri- 
methyl,  triethyl,  and  tri-n -butyl  phosphites  with  the  formation  of  the  corresponding  dialkyl  phosphites  in  the  presence 
of  inorganic  and  organic  bases.  It  has  been  found  that  the  saponification  of  trialkyl  phosphites  with  an  equimolecular 
amount  of  water  to  dialkyl  phosphites  is  strongly  retarded  in  the  presence  of  minute  amounts  of  inorganic  or  organic 
bases  (Table  1).  We  explained  this  retardation  of  the  saponification  of  trialkyl  phosphites  in  the  presence  of  bases 
by  the  removal  from  the  reaction  mixture  of  a  catalyst  for  the  reaction  [1,  2]- free  dialkyl  phosphite— in  the  form  of 
its  salt  with  the  organic  base  or  of  a  salt  of  monoalkyl  phosphite  with  an  inorganic  base. 

The  saponification  of  trialkyl  phosphites  in  the  presence  of  inorganic  bases  is  always  accompanied  by  the  for¬ 
mation  of  a  salt  of  the  monoalkyl  phosphite.  Thus,  in  the  saponification  of  triethyl  phosphite  in  the  presence  of  0.1 
moles  of  caustic  potash,  ethyl  alcohol,  diethyl  phosphite  and  sodium  monoethyl  phosphite  were  isolated. 

Data  to  be  found  in  the  literature  indicate  the  possibility  of  a  reaction  between  a  dialkyl  phosphite  and  an  or¬ 
ganic  base  [3-5]  with  the  formation  of  a  salt  according  to  the  following  equation: 

(R0)2P0H  +  R3N  — ►  (R0)2P— 5NR3H. 

However,  up  till  now,  no  investigator  has  succeeded  in  isolating  in  pure  form  and  characterizing  a  salt  of  a 
dialkyl  phosphite  with  an  organic  base. 

Our  experiments  on  the  interaction  of  dimethyl  and  diethyl  phosphites  with  pyridine  and  triethylamine,  res¬ 
pectively,  again  confirmed  the  possibility  of  the  formation  of  a  salt  of  a  dialkyl  phosphite  with  an  <xganic  base  ac¬ 
cording  to  the  scheme  given  above.  These  salts  are  not  stable  to  heat,  and  decompose  with  the  formation  of  the 
initial  substances  when  attempts  are  made  to  vacuum  distill  them. 

EXPERIMENTAL 

For  our  investigations,  the  trimethyl  and  triethyl  phosphites  were  obtained  either  by  Milobendzki's  method  [6] 
in  the  presence  of  dimethylaniline  or  by  A.  E.  Arbuzov’s  method  [7],  The  tri-n-butyl  phosphite  was  obtained  by 
Milobendzki's  method  in  the  presence  of  pyridine. 

The  method  of  purifying  the  esters  and  their  constants  has  been  given  earlier  [2],  Twice -distilled  water  was 
used  fa:  the  saponification.  Pyridine  of  "pure"  grade  was  fractionated,  treated  with  a  5*70  solution  of  permanganate, 
dried  over  caustic  potash,  and  refractionated,  a  fraction  with  b.p.  114”  being  taken.  "Pure"  grade  triethylamine 
was  dried  with  calcium  chloride  and  fractionated;  b.  p.  89.5”. 

Study  of  the  Velocity  of  Saponification 

For  observing  the  course  of  the  reaction,  we  used  the  dilatometer  with  a  magnetic  stiner  the  construction  of 
which  has  been  described  earlier  [2].  The  method  of  dilatometric  determinations  was  similar  to  that  described 
earlier  [2]. 

The  contents  of  the  dilatometer  after  reaction  were  subjected  to  fractionation  as  a  result  of  whidi  alcohol 
and  dialkyl  phosphite  were  isolated  but  in  no  cases  salts  of  monoalkyl  phosphites. 
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TABLE  1.  Velocity  of  Saponification  of  Trialkyl  Phosphites 


Trialkyl  phosphite 
saponified 

Amount  of  base 
(in  moles  per  mole 
of  phosphite) 

(011,0)31’ 

(021150)3*’ 

(C4ll«0)3l’ 

(011,0)31’ 

(021150)3^ 

(02H50)3P 

(C2H50)3P 

(02H50)3l’ 

(C2ll50)3P 

0.0 

0.0 

0.0 

1.9  .  10-6  NaOIl 

2.0  •  10-6  NaOIl 

8.5  •  10-5  NaOH 

4.0  •  Ur*  NaOIl 

0.1  KOH 

0.1  O5II5N 

(02H50)3P 

0.1  N(C2H5)3 

(n-C4noO)3P 

2.1  .  10-«  NaOH 

Tem¬ 
pera  - 

Time(in  min)in  which  the  fol¬ 
lowing  percentages  of  ester 
were  saponified 

ture 

»•/, 

50*/. 

75'/, 

lOO*/* 

0° 

10-15 

26 

110-120 

480 

25 

68-75 

81-82 

90 

240 

.50 

30 

58 

65 

90 

0 

450 

6()0 

840 

1.590 

25 

139 

156 

183 

437 

25 

155 

186 

230 

470 

25 

450 

490 

515 

680 

.50 

3360 

3780 

4560 

5160 

50 

240—250 

255 

260 

325 

In  5550  minutes  at  50*,  ~  10%  was  sapon¬ 
ified;  the  rest  was  saponified  at  75*  in 
840  minutes 

50  1150  -1701  1731  180  i  220 


TABLE  2.  Saponification  of  Triethyl  Phosphite  Synthesized  by  Various  Methods 


Method  of  preparation  of 
the  triethyl  phosphite 

Temper¬ 

ature 

Time  (in  min)  in  which  the  following 
percentages  of  ester  were  saponified 

25% 

50% 

75% 

loaio 

Through  QjHsONa 

25° 

65-75 

81-82 

90 

240 

In  the  presence  of  dimethylaniline 

25 

66-72 

78-84 

93 

248 

In  the  presence  of  pyridine 

50 

245-260 

260-27f 

260-275 

320 

The  main  results  of  experiments  on  the  velocity  of  saponification  of  trimethyl,  triethyl,  and  tri-n-butyl  phos¬ 
phites  with  pure  water  and  also  in  the  presence  of  inorganic  and  organic  bases  are  given  in  Table  1.  As  can  be  seen 
from  the  data  of  this  table,  75%  of  trimethyl  phosphite  was  saponified  in  the  presence  of  1.9  •  10'®  mole  of  caustic 
soda  in  840  minutes  and  with  pure  water  in  110*120  minutes,  i.e.,  saponification  of  trimethyl  phosphite  in  the  pres¬ 
ence  of  caustic  soda  is  retarded  by  a  factor  of  7-8.  In  the  saponification  of  triethyl  phosphite,  75%  of  the  ester  taken 
was  saponified  in  the  presence  of  2.0  •  10'^  mole  of  caustic  soda  in  183  minutes  and  with  pure  water  in  90  minutes, 
i.e.,  the  reaction  was  retarded  by  a  factor  of  2.  In  the  saponification  of  tri-n-butyl  phosphite,  75‘7o  of  the  ester  was 
saponified  in  the  presence  of  2.1  •  10"®  mole  of  caustic  soda  in  180  minutes  and  with  pure  water  in  65  minutes,  i.e., 
the  saponification  was  retarded  by  a  factor  of  3. 

It  can  also  be  seen  from  Table  1  that  the  velocity  of  the  reaction  falls  with  a  rise  in  the  concentration  of  the 
inorganic  bases.  Thus,  for  example,  with  an  increase  in  the  concentration  of  caustic  soda  by  a  factor  of  4.7,  the 
velocity  of  saponification  of  (CjHsO)}?  diminishes  by  a  factor  of  2.3. 

On  saponifying  triethyl  phosphite  in  the  presence  of  0.1  mole  of  caustic  potash,  ethyl  alcohol,  diethyl  phos¬ 
phite  and  potassium  monoethyl  phosphite,  (KOXCiH50)POH,  not  reported  in  the  literature,  were  isolated. 

Found  %:  P  21.1,  21.2.  C^HeQjPK,  Calculated  %:  P  20.92. 

Potassium  monoethyl  phosphite  crystallizes  from  ethyl  alcohol  in  the  form  of  long  lustrous  needles;  m.p.  195°. 
The  anhydrous  salt  is  very  hygroscopic.  On  saponifying  triethyl  phosphite  in  the  presence  of  0.1  mole  of  pyridine 
at  50*,  75^  of  the  ester  was  saponified  in  260  minutes;  taking  the  temperature  coefficient  of  the  velocity  of  the 
reaction  as  two  (per  10*),  we  obtained  a  figure  of  1275  minutes  for  25°.  For  saponification  with  pure  water,  this 
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time  is  90  minutes,  i.e.,  the  reaction  is  retarded  by  a  factor  of  approximately  14.  The  saponification  of  triethyl 
phospliite  in  die  presence  of  0.1  mole  of  triethylamine  took  place  to  the  extent  of  only  ltf7o  in  5550  minutes  at  50*. 

By  distilling  the  reaction  products  in  the  study  of  the  velocity  of  hydrolysis  of  trimethyl,  triethyl,  and  tri-n- 
butyl  phosphites  in  the  presence  of  inorganic  bases,  the  corresponding  alcohols  and  dialkyl  phosphites  were  obtained. 

In  all  cases,  a  small  amount  of  a  salt  of  a  monoalkyl  phosphite  remained  in  the  distillation  flask. 

Experiments  on  the  velocity  of  the  saponification  of  triethyl  phosphite  obtained  by  various  methods  (Table  2) 
show  that  the  ester  obtained  by  Milobendzki’s  method  in  the  presence  of  pyridine  is  contaminated  with  a  considerable 
amount  of  the  latter.  The  velocity  of  saponification  of  triethyl  phosphite  prepared  through  sodium  ethoxide  and  in 
the  presence  of  dimethylaniline  are  almost  identical.  The  sa{>onifi cation  of  75'7o  of  the  triethyl  phosphite  obtained 
in  the  presence  of  pyridine  was  retarded  by  a  factor  of  approximately  12  (temperature  coefficient  .aken  as  2), 

Reaction  of  diethyl  phosphite  with  triethylamine.  A  mixture  of  7.8  g  (0.1  mole)  of  diethyl  phosphite  and  5.7  g 
(0.1  mole)  of  triethylamine  was  kept  for  100  hours  in  a  closed  test  tube  at  room  temperature.  The  disappearance 
of  the  characteristic  smell  of  triethylamine  and  the  measurement  of  np  and  of  the  reaction  mixture  indicated  a 
reaction  between  the  triethylamine  and  the  diethyl  phosphite.  The  initial  substances  were  recovered  by  vacuum 
distillation. 

Reaction  of  dimethyl  phosphite  with  pyridine.  A  mixture  of  7.7  g  of  dimethyl  phosphite  and  5.6  g  of  pyridine 
was  placed  in  a  test  tube  with  a  ground-in  stopper.  The  mixture  was  kept  for  69  hours  at  room  temperature.  The 
change  in  n^  and  S4  of  the  reaction  mixture  indicated  a  reaction  between  the  pyridine  and  the  dimethyl  phosphite. 

On  vacuum  distillation,  3  g  of  pyridine  and  4.5  g  of  dimethyl  phosphite  were  recovered.  The  residue  in  the  flask 
was  a  viscous  mass  which  resinified  when  distillation  was  attempted. 

SUMMARY 

1.  The  saponification  of  trimethyl,  triethyl,  and  tri-n -butyl  phosphites  in  the  presence  of  inorganic  and  or¬ 
ganic  bases  has  been  studied. 

2.  It  has  been  established  that  inorganic  and  organic  bases  strongly  retard  saponification  by  binding  the  acid 
reaction  products. 
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As  we  have  already  reported  [1],  the  heating  of  trialkyl  phosphites  P(OR)3  with  alcohols  R'OH(R'  >  R)  with 
the  simultaneous  distilling  off  of  the  lower  alcohol  ROH  formed  in  the  presence  of  a  dialkyl  phosphite  or  a  sodium 
alkoxide  is  a  convenient  method  of  obtaining  mixed  trialkyl  phosphites  in  good  yield.  A  paper  of  Hoffmann  et  al. 

[2]  was  published  simultaneously  with  our  work  on  the  transesterification  of  trialkyl  phosphites  with  aliphatic  al¬ 
cohols.  Their  results  agreed  completely  with  ours. 

Our  experiments  showed  that  the  traces  of  dialkyl  phosphites  always  present  in  trialkyl  phosphites  which  have 
not  been  purified  with  metallic  sodium,  and  sodium  alkoxides,  are  catalysts  for  the  transesterification  reaction  of 
trialkyl  phosphites  with  aliphatic  alcohols.  Thus,  no  transesterification  could  be  achieved  by  heating  triethyl  phos¬ 
phite  not  containing  traces  of  diethyl  phosphite  at  140-150°  for  4  hours  with  an  8 -fold  excess  of  isoamyl  alcohol. 

Two  trialkyl  phosphites  P(OR)3  and  PfOR'^j,  on  heating  in  the  presence  of  a  sodium  alkoxide,  exchange  radicals, 
forming  a  mixture  of  simple  and  mixed  trialkyl  phosphites; 

(BOhP  +  iWOhP  :^±  (R0)2(R'0)P  +  (n0)(R'0)2P. 

On  heating  equimolecular  amounts  of  triethyl  and  tri-n-butyl  phosphites  for  4  hours  at  170-180°,  we  isolated 
triethyl,  tri-n-butyl,  diethyl  n -butyl,  and  ethyl  di-n -butyl  phosphites. 

The  transesterification  reaction  of  trialkyl  phosphites  PfOR)}  with  aliphatic  alcohols  R’OH(R'  >  R)  proceeds  with 
the  simultaneous  formation  of  tliree  products:  with  the  substitution  of  one,  two,  or  three  radicals,  which  may  be  rep¬ 
resented  by  the  scheme; 


P(0R)3+  R'OH 


(R0)2(R'0)P  -I-  ROM 
(R0){R'0)2P  +  2R0H 
(R'0)3P  +  3R0n 


In  carrying  out  the  reaction,  it  is  necessary  to  maintain  the  temperature  conditions  of  the  bath,  since,  on  over¬ 
heating  and  repeated  distillation,  disproportionation  of  the  mixed  phosphites  to  the  simple  phosphites  takes  place. 

By  partial  transesterification  with  the  simultaneous  distilling  off  of  the  lower  alcohol  ROH  formed  according 
to  the  equation 


P(0R)3+  R'OH  {R0)2(R'0)P  +  ROH 


the  mixed  phosphite  PfORJjfOR')  is  obtained  as  the  main  product  in  good  yields  (Table  1). 

On  treating  a  trialkyl  phosphite  with  2  moles  of  a  higher  alcohol  with  the  simultaneous  distilling  off  of  2  moles 
of  the  lower  alcohol  ROH,  the  mixed  phosphite  (ROXR'OJ^P  is  formed  as  the  main  product  (Table  1), 
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TABLE  1.  Transesterification  of  Trialkyl  Phosphites  with  Various  Aliphatic  Alcohols 
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On  canying  out  the  transesterification  of 
phosphites  with  an  excess  of  the  higher  alcohol,  the 
simple  phosphite  P(OR')s  is  formed  (Table  1). 

We  carried  out  experiments  on  the  transes¬ 
terification  of  triethyl  phosphite  with  3  moles  of  n- 
butyl  mercaptan.  Under  the  conditions  which  we 
used  for  the  reaction  with  alcohols,  triethyl  phos¬ 
phite  does  not  react  with  n -butyl  mercaptan.  Under 
more  severe  conditions,  in  the  presence  of  sodium, 
triethyl  phosphite  reacts  with  n -butyl  mercaptan, 
forming  triethyl  thiophosphate  and.  apparently,  n- 
butane. 


(C^MsO^P  +  €4119811  -,1  (C2H60)3PS  +  CiHio- 

Simultaneously  with  us,  Hoffmann  [3]  showed 
that  a  similar  reaction  takes  place  in  the  interac¬ 
tion  of  triethyl  phosphite  with  n -octyl  mercaptan 
and  benzyl  mercaptan.  He  isolated  triethyl  thio¬ 
phosphate  and  n -octane  and  toluene,  respectively. 
Thus,  this  reaction  may  be  used  for  the  desulfuriza¬ 
tion  of  mercaptans. 

EXPERIMENTAL 

Reaction  of  triethyl  phosphite  with  tri-n -butyl 
phosphite  in  the  presence  of  sodium  ethoxlde.  In  a 
flask  fitted  with  a  reflux  condenser  were  placed  7.7  g 
0.05  mole)  of  triethyl  phosphite  free  from  traces  of 
diethyl  phosphite,  11.6  g  (0.05  mole)  of  tri-n-butyl 
phosphite  free  from  traces  of  di  -n-butyl  phos¬ 
phite,  and  3  drops  of  sodium  ethoxide,  and  the  mix¬ 
ture  was  heated  for  4  hours  in  a  metal  bath  at  170- 
180*.  Vacuum  distillation  in  an  Arbuzov  flask  with 
a  fused-on  Widmer  column  (height  of  column,  16 
cm)  yielded  5.5  g  of  triethyl  phosphite  with  b.p. 
48-50*  (at  13  mm),  ng  1.4140  [4];  2.2  g  of  diethyl- 
n-butyl  phosphite  with  b.p.  95-104*  (at  13  mm), 
np  1.4250  [2];  1.5  g  of  ethyl  di-n-butyl  phosphite 
with  b.p.  110-115*  (at  14  mm),  np  1.4290  [2];  and 
5.7  g  of  tri-n-butyl  phosphite  with  b.p.  125-126* 


(at  13  mm),  ng  1.4335  [4]. 

Transesterification  of  trialkyl  phosphites  with 
aliphatic  alcohols.  In  an  Arbuzov  flask  fitted  with 
a  descending  condenser  were  placed  a  predeter¬ 
mined  amount  of  a  trialkyl  phosphite  P(OR)3  and  a 
corresponding  amount  of  the  alcohol  R'OH.  Then 
0.05  g  of  metallic  sodium  was  added  to  the  reac¬ 
tion  mixture  (if  the  initial  phosphite  had  been 
freed  from  traces  of  dialkyl  phosphite).  The  re¬ 
action  was  carried  out  by  heating  in  a  metal  bath 
at  100-200*,  according  to  the  boiling  point  of  the 
alcohol  taken.  After  5-10  minutes'  heating,  the 
reaction  began  with  the  simultaneous  distillation 
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TABLE  2.  Some  Physical  Constants  of  Newly -Synthesized  Mixed  Phosphites 


Formulas 

Boiling  point 
(pressure 
in  mm) 

d,* 

MR 

Phosphoruscontent 

_ 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

(CHaOjjf  iso-Cr,II,,0)P 

47_490(3) 

1.4240 

0.9620 

47.80 

47.60 

17.40 

17.20 

(CIIaOUn-CjHvOj^P 

71-74(16) 

1.42(H) 

0.9608 

47.46 

47..59 

17.49,  17.35 

17.19 

(n  -L.3n70)(  lSO-C5llj|0)2l’ 

90-91  (.5) 

1.4.320 

0.9083 

7.5.48 

7.5.30 

12.08,  12.18 

11.72 

(n  -C3H70)2(  n-C4HoO)I‘ 

81-S.5(5) 

1.426.'-) 

0.9284 

61.44 

61.45 

14.20,  14.08 

13.94 

from  the  reaction  mixture  of  the  lower  alcohol  ROH  formed.  After  an  equimolecular  amount  of  the  alcohol  ROH  had 
been  distilled  off  in  the  case  of  the  production  of  (RO)^?  (OR’)as  the  main  product,  or  a  bimolecular  amount  in  the 
case  of  (ROXR’OljP,  the  reaction  product  was  immediately  subjected  to  fractionation  in  vacuo.  We  always  used  an 
Arbuzov  flask  with  a  Widmer  column  (height  of  column  16  cm)  fused  to  it  in  the  repeated  vacuum  distillation  of  the 
transesterification  products.  This  distillation  flask  is  extremely  convenient  for  fractionations  taking  place  with  the 
formation  of  foam.  The  reaction  conditions  and  the  results  of  the  experiments  are  given  in  Table  1.  The  physical 
constants  of  the  esters  first  synthesized  by  us  are  given  in  Table  2. 

The  mixed  phosphites  of  the  type  (RO)2P  (OR’)are  colorless  fairly  mobile  liquids;  the  lower  representatives  of 
the  homologous  series  have  a  smell  reminiscent  of  the  smell  of  the  corresponding  simple  trialkyl  phosphites.  The 
mixed  phosphites  are  insoluble  in  water  but  dissolve  readily  in  organic  solvents;  they  are  readily  saponified  with 
slightly  acidified  water.  As  compounds  of  trivalent  phosphorus,  they  are  extremely  reactive.  Thus,  they  oxidize 
explosively  under  the  action  of  nitric  acid,  and  react  on  heating  with  cuprous  chloride,  given  an  uncrystallizable 
mass. 


Reaction  of  triethyl  phosphite  with  n -butyl  mercaptan.  A  mixture  of  30  g  (0.18  mole)  of  triethyl  phosphite, 

49  g  (0.61  mole)  of  n -butyl  mercaptan,  and  0.05  g  of  metallic  sodium  were  sealed  in  a  tube  and  heated  for  17  hours 
at  100-150'. 

After  opening  the  tube  and  distilling  off  the  excess  of  n -butyl  mercaptan  and  11.2  g  of  unchanged  triethyl  phos¬ 
phite,  vacuum  distillation  yielded  10.5  g  of  triethyl  thiophosphate  with  the  following  constants:  b.p.  72-73“  (at  4- 
5  mm).  d4®  1.0708,  n^  1.4455,  MRp  49.31;  calc.  49.71. 

Found  *70;  P  15.40.  15.70.  CgHisOsPS.  Calculated  “Vo;  P  15.63. 

According  to  the  data  of  other  workers  [4],  triethyl  thiophosphate  has  the  following  constants:  b.p.  105-106“ 

(at  20  mm),  d^/  1.0756,  nJJ  1.4480. 

SUMMARY 

1.  The  transesterification  of  trialkyl  phosphites  of  the  type  P(OR)3  with  aliphatic  alcohols  has  been  studied. 

2.  A  method  for  the  production  of  mixed  trialkyl  phosphites  of  the  types  P(OR)2(OR’)  and  PfORXOR')^  by  the 
method  of  partial  transesterification,  which  ensures  good  yields,  has  been  developed. 

3.  Four  mixed  phosphites  not  previously  described  in  the  literature  have  been  synthesized. 

4.  The  reaction  of  triethyl  phosphite  with  a  mercaptan  takes  place  with  the  formation  of  triethyl  thiophosphate 
and  an  alkane« 
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It  has  been  observed  in  previous  papers  that  the  degree  of  manifestation  of  secondary  periodicity  is  greater  in 
the  case  of  compounds  of  elements  of  the  main  sub-group  of  group  V  of  the  periodic  table  with  metals  of  the 
complementary  sub -groups -zinc  [1],  cadmium  [2],  and  titanium  [3]-than  with  calcium  [4],  strontium,  or  magnesium 
[1].  In  view  of  this,  it  was  of  interest  to  broaden  the  experimental  material  on  the  heats  of  formation  of  compounds 
of  the  elements  of  the  main  sub-group  of  group  V  with  metals  of  the  complementary  sub-groups. 

Manganese  was  selected  as  the  metal  to  be  investigated,  being  one  of  the  typical  and,  at  the  same  time,  suf¬ 
ficiently  active  elements  of  the  complementary  sub-groups;  it  is  also  convenient  by  reason  of  the  fact  that  it  gives 
with  elements  of  the  main  sub-group  of  group  V,  compounds  of  the  composition  MnE,  where  E  is  P,  As,  Sb,  and 
Bi  [5-8],  The  enthalpies  of  formation  of  these  compounds  have  not  been  determined,  so  far  as  we  are  aware. 


TABLE  1.  Lattice  Parameters  of  Magnesium  Phosphide,  Arsenide,  Antimonide,  and  Bis 
muthide  (in  A) 


Param- 

Mnl'  1 

MtlAs  1 

MnSb  1 

MnUI 

1  1 

eter 

our 

our  • 

our 

our 

results 

[10] 

results  1 

[11] 

results 

[12] 

results 

[10] 

a 

5.90 

5.90 

6.37 

6.38 

4.22 

4.12 

4.25 

4.30 

b 

5.25 

5.25 

5.63 

5.63 

r 

3.16 

3.17 

.3.62 

3.62 

5.95 

5.78 

6.01 

6.10 

CjU 

1 

.... 

— 

— 

1.42 

1.40 

1.41 

1.42 

EXPERIMENTAL 

The  materials  used  for  the  synthesis  of  the  compounds  investigated  were:  metallic  manganese  which,  according 
to  the  data  of  spectroscopic  analysis,  contained  ~0.1  of  impurities,  red  phosphorus  washed  free  from  contamination 
with  oxides  and  acids  with  hot  water  and  dried  to  constant  weight,  repeatedly  distilled  arsenic,  and  metallic  antimony 
and  bismuth.  Spectroscopic  analysis  of  the  P,  As,  Sb,  and  Bi  showed  the  presence  of  inconsiderable  amounts  of  other 
elements  (of  the  order  of  tenths  of  one  percent).  Manganese  phosphide  was  obtained  by  Biltz's  method  [9]  of  treating 
metallic  manganese  with  phosphorus  vapor.  The  phosphorus,  taken  in  excess  with  respect  to  the  amount  necessary 
for  the  formation  of  the  compound  MnP  was  placed  in  a  quartz  tube  containing  metallic  manganese;  the  tube  was 
evacuated  to  a  pressure  of  10”'*  mm,  sealed,  and  heated  in  a  tube  oven  in  such  a  way  that  the  boat  with  the  man¬ 
ganese  was  at  a  temperature  of  1000°  while  the  ends  of  the  tube  protruded  from  the  oven.  One  of  the  ends  of  the 
tube,  where  the  phosphorus  was  present,  was  heated  with  a  gas  jet.  The  vapors  of  phosphorus  formed  reacted  with 
the  manganese,  and  the  phosphorus  which  failed  to  react  condensed  in  the  other  end  of  the  tube  protruding  from  the 
oven.  After  all  the  phosphorus  had  been  evaporated,  the  end  of  the  tube  in  which  condensation  had  taken  place  was 
heated  with  the  gas  jet.  The  synthesis  took  20-25  hours. 
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The  compound  of  manganese  with  arsenic  was  obtained  by  the  same  method,  but  at  900".  In  this  process,  a 
film  of  the  compound  which  prevented  the  further  absorption  of  arsenic  was  formed  on  the  surface  of  the  manganese. 
Destruction  of  this  film  was  carried  out  by  grinding  the  preparation  to  a  powder,  and  heating  in  arsenic  vapor  was 
repeated  several  times.  The  preparations  obtained  in  this  way  (of  a  dark  grey  color)  always  contained  an  excess  of 
phosphorus  or  arsenic,  from  which  they  were  freed  by  heating  in  vacuo  at  800-900*. 

The  compounds  of  manganese  with  antimony  and  bismuth  were  obtained  by  fusing  the  appropriate  components, 
taken  in  the  stoichiometric  ratio.  Fusion  of  the  carefully  mixed  powders  of  manganese  and  antimony  corresponding 
to  the  formula  MnSb  was  carried  out  in  evacuated  quartz  tubes  at  800-850*  for  3  hours.  The  mixture  of  manganese 

and  bismuth  was  pressed  into  tablets,  since  simple  mixing  was  in¬ 
adequate  for  complete  reaction.  In  the  synthesis,  which  was  carried 
out  at  700-720*,  it  was  found  necessary  to  avoid  any  inequality  of 
temperature  along  the  tube,  since,  under  those  conditions,  some  sub¬ 
limation  into  the  free  part  of  the  tube  was  observed;  this  apparently  is 
due  to  the  considerable  dissociation  of  the  compound  and  the  dis¬ 
tillation  from  it  of  the  more  volatile  component  into  that  part  of  the 
tube  which  is  at  a  somewhat  lower  temperature.  The  reaction  was 
completed  after  8-10  hours  and  led  to  the  formation  of  a  product  of 
a  golden  grey  color. 

The  magnesium  content  in  the  preparations  was  determined  by  the 
silver /persulfate  method. 

Calculated  ^o-  Mn  63.94. 

Found  *70:  Mn  41.81,  42.12.  MnAs.  Calculated  Mn  42.31. 

Found ‘Vo;  Mn  30.76,  30.91.  MnSb.  Calculated  ®/o;  Mn  31.09. 

Found Mn  20.70,  20,81.  MnBi.  Calculated  Mn  20.82. 


Found  *7o;  Mn  63.86,  63,20.  MnP. 


Since  no  crystallization  could  be  achieved  in  the  synthesis  of  these  compounds,  they  were  subjected  to  an  an¬ 
nealing  process;  MnAs  and  MnSb  for  200  hours  at  550-600",  MnP  for  400  hours  at  550-600",  and  MnBi  for  400  hours 
at  400-450*. 

Calculation  of  the  x-ray  diagrams  of  the  compounds,  taken  by  the  asymmetrical  method  using  chromium 
radiation  with  a  vanadium  filter,  showed  that  the  parameters  of  the  elementary  cell  found  were  in  good  agreement 
with  literature  data  (Table  1). 


Heats  of  formation  were  determined  as  the  difference  in  the  heats  of  combustion  of  the  compounds  and  mix¬ 
tures  of  the  stoichiometric  position  under  identical  conditions.  The  heats  of  combustion  were  determined  in  the 
precision  vacuum  calorimeter  described  earlier  [13].  The  results  obtained  are  given  in  Table  2  (one  calory  was  taken 
as  corresponding  to  4.1840  absolute  joules). 

The  x-ray  diagrams  of  the  combustion  products  of  the  compounds  and  the  corresponding  mixtures  were  com¬ 
pletely  identical. 


The  heats  of  combustion  found  by  us  for  mixtures  of  manganese  with  phosphorus,  arsenic,  antimony,  and  bis¬ 
muth  are  close  to  the  sums  of  the  heats  of  formation  of  the  corresponding  oxides  given  in  the  literature  [14,  15]. 

The  relation  between  the  heats  of  formation  with  the  compounds  of  manganese  with  the  elements  of  the  main 
sub-group  of  group  V  and  the  atomic  number  of  the  latter  is  illustrated  in  the  figure. 

In  addition  to  the  heats  of  formation  of  MnP,  MnAs,  MnSb,  and  MnBi,  the  heat  of  formation  of  manganese 
nitride,  MnN,  which  cannot  be  determined  experimentally,  is  given  in  the  figure.  Apparently  MnN  is  an  extremely 
unstable  compound.  The  heats  of  formation  of  Mn4N  and  Mn5N2  are  known  [16].  They  are,  respectively,  31.2  and 
57  kcal/g -formula  and  make  it  possible  (rather  roughly,  it  is  true)  to  evaluate  the  heat  of  formation  of  MnN.  In 
fact,  it  may  be  assumed  that  since  Mn4N  and  Mn5N2  are  thermodynamically  stable  compounds,  they  must  be  formed 
exothermically  from  MnN  and  metallic  Mn  (the  change  of  entropy  of  this  reaction  is  probably  very  small),  i.e.,  for 
the  reactions 

MnN  -f-  3Mn  -»>  Mn^N  -f-  (/,, 

2MnN  3Mn  -*>  Mn^Nj  -j-  Qo, 
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TABLE  2.  Heats  of  Combustion  of  the  Compounds  and  of  Corresponding  Mixtures 
and  Heats  of  Formation 


Substance  combusted 

Heat  of  com¬ 
bustion  of  the 
substance  (in 
kcal/g-formula) 

Heat  of  formation 
of  the  compound 
(in  kcal/g-formula) 

MnP  { 

270.0 

269.9 

23.0 

23.1 

Mean . 

Mixture  (Mn -f- P)  | 

270.0 

292.2 

293.8 

23.0 

Mean . 

293.0 

^cr.  — 

A//0  = —23.0  ±0.1  kcal/g-formula 


MnAs  1 

175.7 

174.6 

13.1 

14.2 

Mean . 

MixtureMn As  | 

175.1 

187.9 

189.6 

13.7 

11.6 

12.4 

Mean . 

188.8 

cr.~ 

3  kcal/g-formula 

!  194.1 

193.3 

Mncr.  +  As 
A//o  =  — ii6±0.( 

MnSb  j 

Mean . 

Mixture  (Mu  -f-  Sb)  | 

193.7 

204.5 

201.0 

12.0 

4.7 

4.8 

Mean . 

Mncr.  +  Sb, 
A//o=  —  12±0.J 

Mnlli  [ 

205.7 

:r.  =  MnSbcr. 

>  kcal/g-formula 

168.6 

168.5 

Mean . 

Mixture  (Mil  Hi)  | 

168.6 

173.0 

173.6 

4.7 

Mean . 

173.3 

cr,"H 

ct.~  MnBi 

=  — 4.7±0. 1  kcal/^- formula 

1659 


tfic  heat  effects  (Oj  and  Qj)  must  be  positive.  From  the  heat  of  formation  of  Mn4N,  the  first  of  these  equations  gives 
the  heat  of  formation  of  MnN  <  31.2  kcal/g -formula.  The  second  equation  gives  the  heat  of  formation  of  MnN  < 

<  28.5.  In  view  of  this  estimate,  we  have  assumed  that  the  heat  of  formation  of  magnesium  nitride  (MnN)  does  not 
exceed  28  kcal/g -formula. 

In  the  case  of  the  compounds  of  manganese,  the  second  p>eriodicity  is  manifested  less  clearly  than  in  the  case 
of  compounds  of  the  elements  of  the  main  sub-group  of  group  V  with  two  other  elements  of  the  first  inserted 
decade -titanium  and  zinc.  As  is  well  known,  many  properties  of  manganese  distinguish  it  from  the  elements  of  the 
first  inserted  decade;  this  is  connected  with  the  fact  that  the  3d  level  in  is  half  filled  with  atoms. 

The  less  clear  manifestation  of  the  secondary  periodicity  in  the  case  of  compounds  of  the  elements  of  the  main 
sub-group  with  manganese  may  also  be  connected  with  this  peculiarity  of  its  electron  cloud. 

SUMMARY 

1.  The  enthalpies  of  formation  of  compounds  of  manganese  with  elements  of  the  main  sub-group  of  group  V 
have  been  determined. 

2.  It  has  been  established  that  the  variation  in  the  enthalpies  of  formation  in  the  series  MnN-MnBi  conforms 
to  the  rule  of  secondary  periodicity. 
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1.  In  previous  published  papers  on  D.  I.  Mendeleev's  periodic  system  [1,  2]  we  have  considered  the  following 
basic  questions  among  others:  a)  the  idea  of  the  periodic  system  as  a  classification  of  all  the  discreet  elementary 
material  formations  of  nature,  including  the  elementary  particles,  and  b)  a  proposed  new  form  of  the  periodic  system 
consisting  of  diads,  each  containing  two  analogous  periods  (upper  and  lower)  constructed  on  the  principle  of  the  suc¬ 
cessive  inclusion  of  inserts  in  inserts. 

The  transuranium  elements  with  atomic  numbers  from  93  to  101  obtained  by  means  of  atom  technology  fall 
within  the  new  form  of  table  developed,  by  this  fact  confirming  the  suitability  of  the  proposed  scheme  for  the  periodic 
system  of  the  elements. 

In  the  present  paper,  which  forms  a  development  of  the  preceeding  investigations,  the  question  of  the  systemati¬ 
zation  of  elements  and  antielements  in  periodic  systems  of  the  discreet  elementary  formations  of  nature  is  discussed. 

2.  In  view  of  the  discovery  of  positrons,  and,  recently,  antiprotons  and  antinuetrons  [3,  4],  the  science  of  anti- 
particles  and  antimatter  is  beginning  to  develop  strongly,  and  the  theory  of  combination  inversion  put  forward  by 

L.  D.  Landau  in  1956,  together  with  P,  Dirac's  theory  provides  a  basis  for  this  science. 

The  atoms  of  elements  consist  of  electrons  and  nuclei  constructed  of  protons  and  neutrons.  In  accordance  with 
the  hypothesis  of  antimatter,  material  formations  of  positrons  and  antinuclei  consisting  of  antiprotons  and  antineutrons 
in  mirror -symmetry  to  the  atoms  of  the  ordinary  elements  must  exist.  Obviously,  such  formation  are  conveniently 
named  antielements:  antihydrogen,  antihelium,  antilithium,  etc. 
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Fig.  1.  Middle  of  the  series  of  elements  and  antielements. 
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3.  Developing  these  ideas,  it  is  possible  to  propose  a  system  of  antielements  as  being  in  mirror  symmetry  to 
the  system  of  elements  and  logically  to  assume  that  the  periodic  system  of  elements  is  opposed  by  a  periodic  system 
of  antielements. 

The  middle  of  the  series  of  elements  and  antielements  as  a  function  of  the  charge  Z  is  shown  in  Fig.  1,  and  the 
classification  of  the  neutral  atoms  (and  antiatoms)  and  elementary  particles  (and  antiparticles)  is  given.  In  this  series 
the  latter  occupy  places  with  the  ordinal  numbers  1,  0,  and  -1. 


Periodic  system  of  the  elements 
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/ 

II 

III 

N 
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1 

1 

3 

I4 

5 

6 

7 

Periodic  system  of  the  antielements 


Fig,  2.  Structures  of  the  periodic  systems  of  elements  and  antielements. 


Figure  2  illustrates  the  sturctures  of  the  periodic  systems  of  elements  and  antielements  and  the  position  of  the 
periods  and  diads  in  them.  The  system  of  elements  represents  a  combination  of  formations  with  the  ordinal  numbers 
-1,  0,  1,  2.  3.  ...  ,  i.e.,  the  positive  branch  of  the  natural  series  of  elements  and  antielements,  and  the  system  of 
antielements  represents  a  combination  of  formations  with  the  ordinal  numbers  1,  0,  -1,  -2,  -3,  .  .  ,  i.e.,  its  negative 
branch. 


Periodic  system  of  the  antielements 
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Fig.  3.  Shape  of  the  periodic  systems  of  elements  and  antielements. 


Confining  ourselves  to  the  diad  structures  of  the  periodic  systems,  the  special  role  in  their  construction  of 
elements  with  the  ordinal  numbers  -1,  0,  and  1,  which  are  common  to  the  systems  of  elements  and  antielements, 
must  be  noted.  It  is  just  at  these  positions  of  the  series,  also,  that  the  elementary  particles  (and  antiparticles)  which 
serve  as  materials  for  the  construction  of  mcHre  complex  formations  are  found. 
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The  shape  of  the  periodic  system  of  antielements  (above)  as  mirror -symmetrical,  with  respect  to  the  plane  of 
symmetry  P-P,  with  the  periodic  system  of  elements  (below)  is  given  in  Fig.  3.  In  the  schemes  of  the  periodic 
systems,  the  diads,  consisting  of  a  pair  of  similar  periods-an  upper  and  a  lower-are  shown.  A  similar  hatching  shows 
the  development  of  inserts  in  inserts  [2].  The  figures  denote  the  ordinal  numbers  in  both  systems. 

It  must  be  considered  that  the  experiments  of  modern  physics  completely  confirm  the  correcmess  of  the  ideas 
on  a  single  classification  of  information  based  on  them  into  periodic  systems  of  all  the  discreet  elementary  forma¬ 
tions  of  nature,  thereby  developing  the  case  for  the  material  unity  of  the  universe. 
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As  is  known,  the  analysis  of  mixtures  of  unsubstituted  naphthalene  sulfonic  acids  presents  considerable  dif¬ 
ficulties.  Existing  methods  of  analysis  [1]  are  too  lengthy  and  cumbersome. 

In  one  of  our  previous  investigations  [2],  we  succeeded  in  establishing  that  the  sulfonic  acids  of  naphthalene 
and  dinaphthyl  sulfone  are  reduced  at  a  dropping  mercury  electrode  and  on  polarography  give  sharp  waves  with  dif¬ 
ferent  reduction  potentials  for  the  sulfonic  acids  corresponding  to  different  degrees  of  sulfonation.  Small  differences 
are  observed  even  for  isomers,  but  these  are  so  small  (of  the  order  of  0.1-0, 2  V)  that  on  putting  the  polarographic 
technique  into  tperation  they  fuse  to  give  a  single  wave.  Recording  the  derivatives  of  the  polarographic  curves  did 
not  solve  the  problem  of  determining  the  isomers  separately. 

Since  the  half-wave  potentials  (</>o.5)  fot  sulfonic  acids  corresponding  to  different  degrees  of  sulfonation  differ 
from  one  another  quite  considerably,  we  assumed  that  it  would  be  possible  to  determine  them  quantitatively  in  mix¬ 
tures  by  the  polarographic  method. 

It  was  found  in  the  present  investigation  that  the  polarograms  of  mixtures  of  naphthalene  sulfonic  acids  (with 
different  numbers  of  sulfonic  acid  groups)  give  an  idea  only  of  their  qualitative  composition;  the  quantitative  ratios 
of  their  components,  however,  could  not  always  be  determined.  The  interpretation  of  such  polarograms  is  complicated 
by  the  following  factors. 

The  reduction  of  naphthalene  sulfonic  acids  at  the  dropping  mercury  electrode  proceeds,  in  large  part,  step¬ 
wise:  not  all  the  sulfonic  acid  groups  are  reduced  simultaneously.  The  number  of  polarographic  waves  does  not 
correspond  with  certainty  to  the  number  of  sulfonic  acid  groups  attached  to  the  naphthalene  molecule  [2]. 

Because  of  the  overlapping  of  waves,  the  direct  determination  of  the  concentrations  of  the  individual  com¬ 
ponents  in  a  mixture  is  impossible  in  the  majority  of  cases.  The  indirect  determination  of  concentrations  from  the 
additivity  rule,  also,  does  not  always  succeed  because  of  the  complications  mentioned  above.  At  the  same  time,  a 
{voportionality  between  the  height  of  the  wave  and  the  concentration  is  maintained  for  the  individual  sulfonic  acids 
(Fig.  1),  so  that  their  quantitative  determination  is  possible  under  conditions  of  previous  separation  of  the  mixture  of 
sulfonic  acids  into  its  components. 

We  chose  the  chromatographic  method  as  the  method  of  separation.  In  recent  years,  even  after  the  comple¬ 
tion  of  the  main  part  of  our  investigation,  a  number  of  investigations  on  the  chromatography  of  naphthalene  sulfonic 
acids  have  appeared  [3-5]  in  which  other  systems  of  solvents  and  other  methods  of  interpreting  the  chromatograms 
have  been  used. 

After  trying  out  several  methods  of  chromatographic  separation  of  the  sulfonic  acids,  we  decided  on  partition 
chromatography.  The  tetraethylammonium(TEA)  salts  of  the  naphthalene  sulfonic  acids  were  subjected  to  separation. 

We  did  not  examine  the  salts  of  the  alkali  and  other  metals  since  they  are  not  suitable  for  our  purposes;  these  ca¬ 
tions  are  reduced  at  a  dropping  mercury  electrode  more  readily  than  some  of  the  sulfonic  acid  groups  of  the  naphthalene 
sulfonic  acids. 
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The  distribution  coefficients  of  the  TEA  salts  of  the  individual  naphthalene  sulfonic  acids  differed  more  con¬ 
siderably  from  one  another  in  the  n -butyl  alcohol -water  system.  Therefore,  in  subsequent  wwk,  we  used  mainly 
solvents  based  on  n -butyl  alcohol  with  various  additives  for  the  development  of  the  chromatograms.  Separation  did 
not  take  place  completely  on  colunns  of  alumina,  starch,  or  ”001101086"  powder,*  although  good  results  were  obtained 

for  particularly  mixtures  of  sulfonic  acids.  Thus,  for  example,  very  good 
separation  was  obtained  on  a  "cellulose"  powder  column  of  a  mixture  of 
naphthalene-1, 3, 5, 7-tetrasulfonic  acid  and  2,2’-dinaphthylsulfone-5,5’- 
disulfonic  acid -substances  liaving  practically  identical  reduction  poten¬ 
tials  at  the  dropping  mercury  electrode  and  therefore  incapable  of  polaro- 
graphic  separation.  In  this  case  the  organic  phase  of  the  system  n -butyl 
alcohol -acetic  acid -water  (4:1  :  5)*  *  was  used  as  he  solvent  and 
developing  agent.  The  course  of  the  separation  was  followed  by  polaro- 
graphing  each  2  ml  of  solution  issuing  from  the  column.  The  sequence 
of  the  appearance  of  the  sulfonic  acids  on  elution  was  established  in  pre¬ 
liminary  experiments. 

Multicomponent  systems  were  insufficiently  well  separated  on  colu- 
umns;  therefore, we  changed  to  chromatography  on  paper  and  obtained  better 
results.  It  was  established  that  the  naphthalene  sulfonic  acids  corre¬ 
sponding  to  different  degrees  of  sulfonation  (naphthalene  mono-,  dl-,  tri-, 
and  tetrasulfonic  acids  and  dinaphthyl  sulfone  disulfonic  acid),  both  in 
the  form  of  the  free  sulfonic  acids  and  in  the  form  of  their  TEA  salt,  were 
well  separated  on  paper  with  several  systems  of  solvents  (see  the  Rf  values 
in  Table  2).  The  naphthalene  tetrasulfonic  acid  is  situated  close  to  the 
start  and  the  tri-,  di-,  and,  finally,  the  monosulfonic  acids  follow  it) 

The  so-called  "pure"  dinaphthyl  sulfone  disulfonic  acid,  obtained 
by  sulfonating  dinaphthyl  sulfone  [6],  evidently  consists  of  a  mixture  of 
sulfonic  acids  corresponding  to  different  degrees  of  sulfonation:  on  chromatography  it  gives  three  spots.  The  sulfonic 
acid  spots  were  located  in  ultraviolet  light  with  X  =  253  mfi  [7]. 

The  quantitative  determination  by  the  polarographic  method  of  the  individual  sulfonic  acids  eluted  from  the 
paper  after  their  chromatographic  separation  gives  satisfactory  results  for  naphthalene  sulfonic  acids  of  a  high  degree 
of  sulfonation  (the  tri  -  and  tetrasulfonic  acids)  and  dinaphthyl  sulfone  disulfonic  acid  in  mixtures  of  the  pure  sulfonic 
acids  of  various  compositions.  The  accuracy  of  the  determination  is  about  ±37o  (Table  3).  This  method  may  find 
application  in  the  study  of  the  exhaustive  sulfonation  of  naphthalene. 

The  determination  of  naphthalene  di  -  and  monosulfonic  acids  by  the  polarographic  method  is  rendered  dif¬ 
ficult  by  the  presence  of  substances  eluted  from  the  paper.  Other  methods  that  we  tried  for  the  quantitative  deter¬ 
mination  of  the  sulfonic  acids  (spectrophotometric  and  potentiometric  methods)  also  gave  untrustworthy  results.  The 
use  of  polarography  for  the  quantitative  evaluation  of  chromatograms  containing  sulfonic  acids  with  reduction  poten¬ 
tials  higher  than  -2.0  v  is,  in  all  probability,  possible  where  carriers  are  selected  from  which  compounds  that  are 
reduced  at  the  dropping  mercury  electrode  do  not  pass  into  solution  on  elution. 

EXPERIMENTAL 

Pure  naphthalene  sulfonic  acids  obtained  by  the  saponification  of  the  sulphonyl  chlorides  and  having  melting 
points  corresponding  to  those  given  in  the  literature  were  used  for  the  experiments.  To  obtain  the  free  sulfonic  acids, 
the  chlorides  were  saponified  with  water  either  in  a  flask  with  a  reflux  condenser  or  under  pressure  (tubes  at  160“  for 
3  hours).  To  obtain  the  tetraethylammonium  salts,  the  chlorides  were  saponified  with  tetraethylammonium  hydroxide 
hydrate. 

Polarography  of  Naphthalene  Sulfonic  Acids 

The  relation  between  the  height  of  the  wave  and  the  concentration  was  investigated  for  the  individual  pure 
naphthalene  sulfonic  acids  and  for  mixtures  of  them. 


Concentration  (in  inM) 

Fig.  1.  Test  of  the  proportionality 
between  the  height  of  the  polaro¬ 
graphic  wave  (h)  and  the  concen¬ 
tration  for  naphthalene  sulfonic 
acids  corresponding  to  various  degrees 
of  sulfonation. 


•  The  "cellulose"  powder  was  prepared  by  the  treatment  of  cotton  wool  with  concentrated  hydrochloric  acid  at  a  tem¬ 
perature  of  about  90*  in  accordance  with  a  prescription  communicated  to  us  by  P.  1.  Zamanskii. 

•  •  Before  use  the  system  was  kept  for  14  days  to  establish  the  esterification  equilibrium. 
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TABLE  1.  Test  of  the  Proportionality  between  the  Height  of  the  Polarographic  Wave  and 
the  Concentration  for  Mixtures  of  Naphthalene  Sulfonic  Acids 


Concentration  taken  (in  mM) 

Concentration  determined  polarographically 
(in  °Jo  of  that  taken) 

Naphthalene  - 1,3 ,6  - 

Naphthalene- 

Naphthalene  - 1,3,6- 

Naphthalene- 

trisulfonic  acid 

1,3, 5, 7 -tetra¬ 
sulfonic  acid 

trisulfonic  acid 

1,3,5, 7 -tetra¬ 
sulfonic  acid 

2.00 

- 

100 

- 

- 

2.00 

- 

100 

1.66 

0.33 

100 

55.4 

1.00 

1.00 

98.5 

89.8 

0.33 

1.66 

94 

90.9 

Naphthalene -2- 

Naphthalene- 

Naphthalehe-2- 

Naphthalene- 

sulfonic  acid 

1,3,5, 7 -tetra¬ 
sulfonic  acid 

sulfonic  acid 

1 ,3,5,7-tetra- 
sulfonic  acid 

2.00 

- 

100 

- 

- 

2.00 

- 

100 

1.66 

0.33 

115 

69.3 

1.00 

1.00 

183 

96.5 

0.33 

1.66 

282 

103.5 

Naphthalene -1,5- 

Naphthalene- 

Naphthalene -1,5- 

Naphthalene- 

disulfonic  acid 

1,3,6 -trisulfonic 

j  disulfonic  acid 

1,3,6 -trisulfonic 

acid 

i 

acid 

2.00 

- 

100 

- 

- 

2.00 

- 

100 

1.66 

0.33 

72.3 

84.0 

1.00 

1.00 

49.0 

79.7 

0.33 

1.66 

0.0 

100.4 

Note:  The  values  of  <^0,5  for  the  naphthalene  sulfonic  acids  (in  V)  relative  to  the 
S.C.E.  are:  2.26  for  the  2-sulfonic  acid,  1.97  and  2.20  for  the  1,5-disulfonic  acid, 
1.87  and  2.14  for  the  1,3,6 -trisulfonic  acid,  and  1.60,  1.80,  2.20,  and  2.45  for  the 
tetrasulfonic  acid. 


TABLE  2.  Rf  Values  for  the  Tetraethylammonium  Salts  of  Naphthalene  Sulfonic  Acids 
Corresponding  to  Different  Degrees  of  Sulfonation  (0.01  M  solution,  18  hours,  on  ascen¬ 
ding  chromatograms) 


Sulfonic  acid 

Solvent  1  1 

Solvent  2 

Rf  value 

Naphthalene -1 -sulfonic  acid 

0.50 

0.57 

Naphthalene -2 -sulfonic  acid 

0.50 

0.57 

D  inaphthy Isul  fone  -  7 , 7'-disulfonic  acid 

0.60,  0.32,  0.16 

0.66,  0.57 

Naphthalene -1,5 -disulfonic  acid 

0.04 

0.57 

Naphthalene -2, 6 -disulfonic  acid 

0.04 

0.57 

Naphthalene -2, 7 -disulfonic  acid 

0.04 

0.57 

Naphtlralene- 1,3, 6 -trisulfonic  acid 

0 

0.36 

Naphthalene  - 1,3 ,5 , 7  -tetrasulfonic  acid 

0 

0.19 

•  Solvent  1-the  organic  phase  of  the  system  n -butyl  alcohol -glacial  acetic  acid- 
water  (4:1:  5). 

•  *  Solvent  2-n-butyl  alcohol-t-butyl  alcohol-0.5  N  HCl  (66  :  87.5  :  46.5). 

•  •  •  Sulfonic  acids  corresponding  to  different  degrees  of  sulfonation. 
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For  the  polarography  of  mixtures  of  sulfonic  acids,  0.002  M  solutions  of  the  pure  TEA  salts  of  the  sulfonic  acids 
were  first  prepared  and  then  they  were  mixed  in  various  proportions. 

The  work  was  carried  out  on  the  automatic  p6-312TsLA  finergochermeta  polarograph.  A  capillary  with  a  forced 
break-away  of  the  drop  by  means  of  a  vane  was  used  (m  =  13.6  mg  •  sec"\  t  =  0.35  sec.).  The  medium  was  a  0.05  M 
solution  of  N(C2H5)4l.  The  bottom  layer  of  mercury  served  as  the  anode.  The  anode  potential  in  all  cases  was  about 
-0.27  V  relative  to  the  S,  C.  E.* 

As  can  be  seen  from  Fig.  1,  the  calibration  curves  for  the  individual  sulfonic  acids  are  slightly  curved  upwards. 

In  the  region  of  concentrations  from  0.001  to  0.002  M.  a  rectilinear  portion  exists  in  all  cases;  therefore  we  generally 
endeavoured  to  use  these  concentrations  in  the  investigation. 

The  results  of  analysis  of  binary  mixtures  of  sulfonic  acids  are  summarized  in  Table  1.  The  calculation  was 
carried  out  from  the  height  of  the  first  wave  for  any  sulfonic  acid,  the  overlapping  of  the  subsequent  waves  of  the 
first  component  being  allowed  for  in  considering  the  more  negative  component.  As  can  be  seen  from  the  data  given, 

the  use  of  the  additivity  rule  gives  more  satisfactory  results  only  in  the  case  of 
the  determination  of  naphthalene-1,3,6 -trisulfonic  acid  in  admixture  with 
naphthalene-1,3,5,7 -tetrasulfonic  acid.  For  the  other  mixtures  this  rule  is 
completely  inapplicable,  results  which  are  too  low  being  generally  obtained 
for  components  which  are  reduced  in  the  positive  region  of  potentials. 

Chromatography  of  Naphthalene  Sulfonic  Acids 

The  separation  of  the  sulfonic  acids  was  carried  out  on  ascending  chro¬ 
matograms  arranged  in  cylindrical  jars  with  ground  glass  stoppers  on  paper  of 
various  qualities,  mainly  on  "rapid  chromatographic."  The  standard  time  of 
separation  was  18  hours  (overnight).  However,  separation  took  place  con¬ 
siderably  quicker.  After  4  hours,  the  sulfonic  acid  spots  were  already  adequately 
separated  from  one  another  with  suitable  solvents. 

Separation  was  canied  out  on  0.01-0.02  M  solution  of  sulfonic  acids  or 
their  TEA  salts.  The  sulfonic  acid  spots  were  applied  to  the  paper  with  a 
special  graduated  capillary  with  a  volume  of  about  0.005  ml  or  with  a  sim¬ 
ple  capillary  in  such  an  amount  that  the  diameter  of  the  spot  on  the  paper 
after  spreading  was  not  more  than  5  mm.  The  content  of  dry  matter  in  the 
spot  amounted  to  20-50 figt  calculated  as  the  TEA  salts  of  the  various  acids. 
When  a  mixture  of  sulfonic  acids  was  used,  the  total  content  of  all  the  com¬ 
ponents  in  the  drop  was  also  of  the  (xrder  of  40  fig.  On  working  with  more 
concentrated  solutions  (e.g.,  0.1  M)  i.e.,  at  a  content  of  400  fig  of  dry  matter 
in  the  drop,  the  separation  of  the  sulfonic  acids  was  considerably  impaired. 

The  sulfonic  acid  spots  were  located  in  ultraviolet  light  with  X  =  153  mfi.  After  drying,  they  flutvesce  yellow - 
green.  The  fluorescence  is  intensified  when  the  paper  is  subjected  to  careful  heating  in  a  drying  cabinet  at  60-80*. 

A  solvent  based  on  n -butyl  alcohol  and  water  was  chosen  for  the  separation  of  the  naphthalene  sulfonic  acids. 

It  was  found  that  the  separation  of  the  multicomponent  mixture  with  a  single  solvent  was  very  difficult  in  practice; 
there fOTe,  two  different  solvents  were  used. 

The  first  solvent  -  the  organic  phase  of  the  system  n-butyl  alcohol -glacial  acetic  acid -water  (4:1:5)  per¬ 
mitted  a  good  separation  of  naphthalene  monosulfonic  acid  and  dinaphthyl  sulfone  disulfonic  acid  from  all  the  other 
sulfonic  acids.  The  second  solvent  was  n-butyl  alcohol -t -butyl  alcohol-0.5  N  hydrochloric  acid  (66  :87.5  :46).*  * 

This  solvent,  while  accelerating  the  migration  of  all  the  components,  particularly  accelerated  the  movement  of  the 
highly  sulfated  components,  enabling  the  naphthalene  tri-  and  tetrasulfonic  acids  to  be  separated  (Table  2). 

Table  2  gives  the  Rf  values  for  the  TEA  salts  of  the  naphthalene  sulfonic  acids.  The  Rf  values  of  the  free  sul¬ 
fonic  acids  differ  somewhat  from  the  Rf  values  of  these  salts.  In  one  solvent  system  they  are  greater,  in  the  other 


•  Here  and  below,  S.C.E.  stands  for  the  saturated  calcmiel  electrode. 

*  *  Butyl  alcohol  with  b.p.  79-80°  (azeotropic  mixture  with  water). 


Fig.  2.  Measurment  of  the  height 
of  the  polarographic  wave  (h).  AB 
is  the  tangent  to  the  line  of  residual 
current,  CD  is  the  tangent  to  the 
line  of  the  limiting  current. 
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TABLE  3,  Quantitative  Determination  of  the  Tetraethylammonium  Salts  of  Naphthalene 
Sulfonic  Acids  by  the  Polarographic  Method  after  Chromatography 


Sulfonic  acid  (in  mg, 
calculated  as  the 
chloride) 

Error 

Naphthalene  sulfonic 

acid 

taken  for 
separation 

found 
polaro- 
graphical- 
ly  after 
separation 

(in 

of 

initial 

amount) 

Individual  compounds 

\ 

4.424 

4.441 

+0.38 

The  1,3,6-trisulfonic  acid  \ 

7.70 

7.67 

-0.4 

/ 

16.18 

16.07 

-0.7 

The  1,3,5,7-tetrasulfonic  acid 

10.40 

10.10 

-2.9 

( 

5.252 

5.195 

-1.1 

The  2,2 -dinaphthyl  sulfone  disulfonic  acid  j 

5.252 

5.227 

-0.5 

Mixtures 

The  1,3,6-trisulfonic  acid 

4.223 

4.100 

-2.9 

The  1,3,5,7-tetrasulfonic  acid 

5.205 

5.314 

+2.1 

The  1,3,5,7-tetrasulfonic  acid 

5.313 

5.173 

-2.6 

2,2’ -Dinaphthyl  sulfone  disulfonic  acid 

5.196 

5.140 

-1.1 

The  1,3,5,7-tetrasulfonic  acid 

5.313 

5.428 

+2.1 

2,2' -Dinaphthyl  sulfone  disulfonic  acid 

5.196 

5.150 

-0.9 

The  1,3,6-trisulfonic  acid 

2.815 

2.746 

-2.5 

The  1,3,5,7-tetrasulfonic  acid 

3.468 

3.341 

-3.7 

2,2 -Dinaphthyl  sulfone  disulfonic  acid 

3.425 

3.324 

-3.0 

The  1,3,6-trisulfonic  acid 

2.815 

2.830 

+  0.5 

The  1,3,5,7-tetrasulfonic  acid 

3.468 

3.476 

+0.23 

2,2’-Dinaphdiyl  sulfone  disulfonic  acid 

3.425 

3.376 

-1.44 

TABLE  4.  Characteristic  Absorption  Maxima  of  Naphthalene  Sulfonic  Acids  Corre¬ 
sponding  to  Various  Degrees  of  Sulfonation  (tetraethylammonium  salts) 


Quantitative  Det ermination  of  the  Sulfonic  Acids  of  Naphthalene  and  Dinap h t h y  1 
Sulfone  in  Their  Mixtures  by  the  Chromato-Polarographic  Method 

For  this  purpose  it  is  necessary  to  have  not  less  than  4-5  mg  of  each  sulfonic  acid,  calculated  as  the  TEA  salt. 
To  isolate  such  amounts  of  sulfonic  acids,  the  mixture  of  them  was  separated  on  large  sheets  of  paper:  a  mixture  of 
0.02  M  solutions  of  the  TEA  salts  of  the  sulfonic  acids,  taken  in  various  concentrations,  was  applied  to  four  sheets  of 
paper  ("rapid  chromatographic"),  each  25  x  50  cm.  The  total  volume  of  solution  used  was  1.019  ml  (volume  of  the 
microburette).  The  drops  were  applied  at  a  distance  of  2.5  cm  from  one  another  (diameter  of  a  spot  after  spreading, 
0.5  cm),  up  to  4  drops  at  each  position,  each  time  after  previous  air-drying.  The  separation  was  canied  out  by  the 
ascending  method.  The  sheets  were  placed  in  a  hermetically  sealed  cylindrical  jar  and  were  arranged  in  spirals  in 
such  a  way  that  the  individual  parts  of  a  sheet  did  not  touch  one  another  or  tlie  walls  of  the  jar.  The  solvent  was  n- 
butyl  alcohol -t -butyl  alcohol-0.5  N  HCl  (66  :  87.5  :  46.5).  The  time  of  the  separation  was  18  hours.  After  drying, 
the  chromatogram  was  cut  into  strips.  The  sulfonic  acids  were  eluted  from  the  cut  strips  with  hot  water,  using  a 
descending  current,  until  the  fluorescence  in  ultraviolet  light  ceased.  Each  of  the  solutions  obtained  was  evaporated 
to  dryness  on  the  water  bath,  neutralized  with  N(C2*^5)40^  ^n  alkaline  reaction  to  brilliant  yellow  paper  [generally 
1-2  drops  of  a  wl2‘7o  solution  of  N(CiH5)40H],  and  then  N(C2H5)4l  was  added  as  a  medium  in  an  amount  calculated 
to  give  a  0.05  M  concentration  in  the  final  volume.  After  this,  the  solution  was  made  up  to  a  volume  of  10  ml  and 
polarographed.  The  polarographic  cell  must  be  dried  before  the  solution  to  be  analyzed  is  put  in  it. 

In  calculations  of  the  polarograms,  it  is  found  that  the  best  results  are  obtained  if  the  height  of  the  wave  on 
the  polarographic  curve  is  measured  as  shown  in  Fig.  2. 

The  method  was  tested  on  synthetic  mixtures  of  the  pure  products.  The  content  of  the  sulfonic  acids  was  deter¬ 
mined  by  the  chromato-polarographic  method  described  with  an  accuracy  of  about  *3*^  with  respect  to  the  amount 
taken  for  separation  (Table  3). 

Compounds  eluted  from  the  paper  with  the  sulfonic  acids  and  reduced  at  the  dropping  mercury  electrode  at 
-(2.0-2. IV)  relative  to  the  S.C.E.  interfere  with  the  polarographic  determination  of  naphthalene  mono-  and  disulfonic 
acids  isoiated  from  a  mixture  (</>o.5  for  naphthalene  mono-  and  disulfonic  acids  is  within  the  range  -  (1.97-2.26  V), 
the  "paper"  wave  being  several  times  larger  than  the  wave  for  the  reduction  of  these  sulfonic  acids.  Experiments  on 
the  preliminary  washing  of  the  paper  once  (x  several  times  with  water  or  various  organic  solvents  gave  no  satisfac¬ 
tory  results.  The  same  waves  were  observed  on  polarographing  water  or  organic  solvent  washings  of  "cellulose" 
powder  or  Schleicher -Schlill  powder. 

With  the  aim  of  quantitatively  determining  the  individual  sulfonic  acids  obtained  by  chromatographic  separa¬ 
tion  on  paper  of  various  mixtures  of  sulfonic  acids,  the  spectrophotometric  and  potentiometric  methods  were  also 
used. 


Pure  naphthalene  sulfonic  acids  were  determined  very  well  by  the  spectrophotometric  method.  The  charac¬ 
teristic  absorption  maxima  are  given  in  Table  4. 

However,  on  determining  the  sulfonic  acids  after  elution  from  paper,  results  were  obtained  which  were  much 
too  high.  This  is  explained  by  the  fact  that  the  substances  eluted  from  the  paper  absorb  in  the  same  region  as  the 
naphthalene  sulfonic  acids.  These  interfering  substances  have  no  maxima;  their  absorption  curves  descend  smoothly 
from  250  to  400  m/i . 

The  potentiometric  titration  of  naphthalene  sulfonic  acids  eluted  from  paper  also  gave  no  satisfactory  results. 

SUMMARY 

1.  The  existence  of  a  proportionality  between  the  height  of  the  wave  and  the  concentration  of  individual 
naphthalene  sulfonic  acids  has  been  established  and  thereby  the  possibility  of  quantitatively  determining  them  has 
been  shown. 

2.  The  quantitative  determination  of  the  individual  components  in  mixtures  of  naphthalene  sulfonic  acids 
by  the  polarographic  method  encounters  serious  difficulties,  since,  in  the  simultaneous  reduction  at  the  dropping 
mercury  electrode  of  a  number  of  sulfonic  acids,  the  additivity  of  wave  heights  is  disturbed. 

3.  Conditions  have  been  found  for  the  chromatographic  separation  on  paper  of  a  mixture  of  naphthalene  sul¬ 
fonic  acids  corresponding  to  different  degrees  of  sulfonation  (mono-,  di-,  tri-,  and  tetra-)  and  dinaphthyl  sulfone 
disulfonic  acid.  The  distribution  coefficients  of  eight  sulfonic  acids  have  been  determined. 
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4.  The  possibility  of  quantitatively  determining  naphthalene  sulfonic  acids  by  a  chromato-polarographic  meth¬ 
od  has  been  demonstrated  in  the  case  of  naphthalene-1.3, 6-tri-  and  -1,3,5,7-tetrasulfonic  acids  and  dinaphthyl  sul- 
fone  disulfonic  acid.  The  accuracy  of  the  determination  is  i3*!^. 

5.  In  view  of  the  elution  from  chromatographic  paper  of  substances  which  are  then  reduced  at  the  dropping 
mercury  electrode,  it  is  necessary  to  find  other  supports  for  the  chromatographic  separation. 
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CONTRAPOLARIZED  SYSTEMS  AND  COLOR 

IV.  REFLECTION  SPECTRA  OF  DERIVATIVES  OF  N-[a  -(2.4-DINITROPHENYL)- 
ETMYL]-ANILINE 

V.  A.  Izmail'skii  and  V.  F.  Limanov 

The  V.  P.  Potemkin  Moscow  City  Pedagogical  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 
pp.  1788-1799,  June,  19G1 
Original  article  submitted  June  18,  1960 

In  the  preceeding  communications  [1-4]  it  was  shown  that  in  compounds  of  structure  (I) 

Q  a 

5/f  (1)  AA  ^  NOe 

^  (II) 

where  AK  and  BK  are  complex  electron -donating  and  electron -accepting  components,  separated  by  the  group  Q  which 
interrupts  the  conjugation,  die  color  deepens  with  the  increasing  strength  of  the  electron -donating  properties  of  the 
system  AK. 

When  the  donating  group  A  is  in  the  para -position,  there  is  observed  a  deeper  color  than  when  the  group  Is  in 
the  m eta -position.  This,  it  was  explained,  was  due  to  the  stronger  electron -donating  properties  of  the  contrapolarized 
system  widi  the  NH  and  A  groups  in  para -positions  as  compared  to  the  copolarization  existing  in  the  case  of  the  meta¬ 
position  OTientation  [2,  3,  5],  Spectroscopic  investigations  confirmed  this  also  for  the  solutions  [3,  4,  6]. 

The  presence  of  two  Cl  \2  groups  in  die  connecting  group  Q  (I)  excludes  the  possibility  of  the  formation  of  a 
continuous  conjugated  chain  even  for  a  rearrangement  into  the  acinitro-form  [6].  The  color  can  only  be  explained 
by  a  direct  intermolecular  interaction  between  the  electron -attracting  system  BK  and  the  electron -donating  system 
AK  as  a  "donor -acceptor"  complex.  Spectroscopic  investigations  confirmed  this  also  for  the  solutions  [6]. 

The  problem  of  this  investigation  was  to  explain  the  influence  on  the  color  in  the  solid  state  of  a  strengthening 
of  the  electron -attracting  power  of  the  system  BK  by  means  of  the  addition  of  a  second  nitro-group  for  the  case  of  the 
same  groups  A  in  the  para  -  and  meta -positions  to  the  NH -group  (11).  One  would  expect  that  a  strengthening  of  the 
electron -attracting  properties  of  die  system  BK  in  (11)  would  lead  to  an  increase  in  its  ability  to  form  complexes  and 
to  a  deepening  of  the  color. 

The  influence  of  the  introduction  of  A  into  the  para -position  to  die  NM -group.  The  color  of  derivatives  of  N- 
[B  -(2,4-dinitrophenyl)-ethyl]-aniline  (II)  in  the  solid  state,  just  as  is  the  case  for  the  mono-nitro  derivatives,  deepens 
in  proportion  to  the  strengdiening  of  the  donating  properties  of  the  second  donating  group  H  <  CU3  <  C)CU3  <  OH  < 

<  NMCOCH3  <  NH2  (Fig.  1).  However,  as  is  the  case  for  the  mono-nitro  derivatives  (I),  the  value  of  the  color  is 
complicated  by  the  phenomenon  of  chromoisomerism.  As  is  clear  from  the  data  of  the  table,  sample  3a  (A  =  H)  was 
recrystallized  from  alcohol  with  a  red  color,  but  from  the  mixture  of  benzene  and  petroleum  ether  as  only  an  orange 
(3b);  in  exactly  the  same  way,  preparation  5  from  alcohol  is  a  dark  red  color,  but  from  petroleum  ether  it  is  a  light 
red  (5b).  The  visual  observations  are  confirmed  by  the  absorption  spectra  of  the  surface  of  the  powders  (Figs.  2  and 
3).  We,  therefore,  compare  in  Fig.  1  the  absorption  spectra  of  the  surface  of  the  powders  (the  reflectance  spectra) 
of  the  para -derivatives  of  N-[6  -(2,4-dinitrophenyl)-ediyl]-aniline  (II)  recrystallized  from  one  and  the  same  solvent  — 
mediyl  alcohol. 

In  contrast  to  the  mono-nitro  compounds,  the  reflectance  spectra  of  the  powdered  compounds  Nos.  3  and  4, 
with  the  P-CH3  group  intersect  not  at  490  rriJ  ,  but  considerably  higher  than  620  it|1.  Because  of  this,  the  whole  curve 
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Color  of  the  substance  [Reflectance  spectra^;  R  forX  (m/i ) 
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Recrystallized  fr(}m  a  mixture  of  benzene  and  petroleum  edier. 
*  Recrystallized  from  petroleum  efrier. 
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for  compound  No.  4  in  the  400-620  irji  region  is  positioned  (except  for  the  620-700  n|i  region)  higher  and  to  the 
right  of  the  corresponding  unsubstituted  compound  3a.  The  compound  with  the  P-CH3 -group  is  more  deeply  colored. 

The  introduction  of  a  p-OCHs  (5a)  leads  to  a  considerable  deepening  of  the  color  in  comparison  with  3a  (A  =  H)  which 
appears  as  a  bathochromic  displacement  of  the  reflectance  curve  of  the  powder  of  this  compound  in  comparison  with 
the  unsubstituted  compound  in  the  400-440  mM  region. 

There  was  an  unexpected  heightening  of  the  color  and  a  lowering  of  the  absorption  intensity  in  the  case  of  the 
compound  with  a  P-NMCOCH3.  Dark  red  needles  were  obtained  by  recrystallization  of  this  compound  from  methanol. 
However  this  form  turned  out  to  be  a  crystal  hydrate  containing  half  a  molecule  of  methanol  to  a  molecule  of  the 
substance  (6b).  After  removal  of  the  methyl  alcohol,  the  substance  was  only  light  red  in  color  (the  powder  was  orange - 
red).  This  is  obviously  explained  by  the  fact  tliat  the  spectral  curve  of  this  compound  (6a)  in  th  region  up  to  550  mfi 
is  displaced  hypsochromically  compared  to  tlie  unsubstituted  compound  3a  (A  =  H).  In  Fig,  1  there  is  given  for  com¬ 
parison  die  spectral  curve  of  the  compound  (6b),  which  is  even  more  deeply  colored  in  the  long  wave-length  region 
than  the  compound  5a  with  a  P-OCH3  group. 

The  influence  of  the  introduction  of  A  into  the  meta -position  to  the  NH -group.  The  introduction  of  a  second 
donating  group  A  into  the  meta -position  to  the  NH -group  in  the  mono-nitro  compounds  (I)  gave  only  a  small  deepen¬ 
ing  of  the  color.  We  expected  a  still  smaller  effect  upon  introduction  of  A  into  the  meta -position  to  the  NH -group 
of  the  dinitro  compounds  (II).  Experiment  confirmed  our  assumption.  The  reflectance  spectra  of  the  powdered  meta- 
substituted  derivatives  of  the  dinitro  compounds  (Fig.  4)  in  the  400-600  m/i  region  almost  coincided  with  the  unsub¬ 
stituted  compounds  (II)  (A  =  H).  The  introduction  of  the  m-OCH3  group  (No.  7)  gave  only  a  very  insignificant  in¬ 
crease  in  the  intensity  in  the  430-500  mp  region,  and  an  insignificant  increase  in  the  region  above  620  m/i ,  but  in 
the  500-600  m/i  region  the  curve  with  the  m-C)CH3  group  was  situated  even  more  hypsochromically  as  compared  to 
the  unsubstituted  compound  (3a).  The  introduction  of  the  m-NHCOCH3 -group  (No.  8)  gave  a  similar  picture:  a 
small  increase  of  tlie  absorption  intensity  up  to  580  m/i  .although  above  this  region  there  was  unexpectedly  observed 
a  rather  considerable  hypsochromic  effect. 

In  Figs.  5  and  6  are  compared  the  reflectance  spectra  of  the  powders  which  correspond  to  the  para-  and  meta- 
derivatives  of  the  compounds  of  type  (I).  The  transfer  of  the  OCF^  group  from  the  meta  -  (No.  7)  to  the  para -position 
to  the  NH -group  (No.  5a)  (Fig.  5)  led  to  a  strong  deepening  of  the  color.  In  Fig.  6  are  compared  the  reflectance 
spectra  of  the  powders  for  the  corresponding  dinitro -compounds  with  a  p-  and  m-NHCOCH3  group.  As  has  already 
been  observed,  the  compound  with  a  P-NHCOCH3  possesses  an  anomalously  high  color.  Nevertheless,  the  transfer 
of  the  NHCOCH3  group  from  the  meta-  (No.  8)  to  the  para -position  (No.  6a)  led  to  a  bathochromic  displacement  of 
the  curve  above  550  m/i .  It  is  interesting  to  observe  that  the  curve  No.  6b  (the  crystal  hydrate  with  methyl  alcohol) 
is  displaced  throughout  almost  the  entire  spectral  region  bathochromically  as  compared  to  the  compound  with  the 
m-NHCOCH3  group.  Thus  the  visual  color  and  the  reflectance  curves  of  the  powdered  2,4-dinitro -derivatives  of 
aniline  (II)  once  again  confirm  that  the  formation  of  contrapolarized  systems  with  two  donating  groups  (via  introduc¬ 
tion  of  the  group  A  into  the  para -position  to  the  NH -group)  leads  to  a  greater  deepening  of  the  color  in  comparison 
with  the  CO -polarized  systems  with  two  donating  groups  (via  the  introduction  of  the  group  A  into  the  meta -position 
to  the  NH -group). 

The  replacement  of  the  hydrogen  of  the  NH -group  by  a  CH3 -group.  From  a  study  of  the  mononitro -com¬ 
pounds,  we  reached  the  conclusion  that  the  deepening  of  color  observed  on  the  introduction  of  a  second  donor  A  into 
the  para-  or  meta -position  to  the  NH -group  is  due  to  the  increased  electron -donating  capacity  of  the  system  AK  [1,  2]. 
This  conclusion  was  made  because  the  same  kind  of  effect  was  also  observed  when  the  electron -donating  capacity 
of  the  system  AK  was  increased  by  any  other  method.  An  analogous  deepening  of  the  color  occurred  when  the 
basicity  and  electron -donating  capacity  of  the  amino  group  was  increased  by  means  of  an  exchange  of  the  hydrogen 
of  the  NH -group  by  an  alkyl  radical,  and  also  by  exchange  of  the  group  Q  =  CH2NH  by  the  group  Q  =  CH2CH2NH. 

On  this  basis,  one  could  expect  that  a  strengthening  of  the  electron -donating  capacity  of  the  system  AK  in  the  dinitro¬ 
compounds  (II)  by  one  of  the  indicated  paths  would  give  an  effect  similar  to  the  introduction  of  a  second  donor  A, 
but  it  would  be  less  apparent  than  in  the  case  of  the  mononitro  compounds.  To  test  this,  we  synthesized  the  com¬ 
pounds  Nos.  9  and  10  in  which  the  group  NH  was  replaced  by  die  group  N(CH3).  From  Fig.  7  it  is  apparent  that  the 
reflectance  spectrum  of  the  powdered  compound  with  the  N(CH3)  group  (No.  9)  is  displaced  bathochromically  over 
almost  the  entire  visible  region  (with  the  exception  of  a  small  region  above  620  m/i )  as  compared  to  the  compound 
No.  3a  with  an  unsubstituted  NH-group.  There  was  observed  a  bathochromic  displacement  analogous  to  that  which 
was  observed  in  changing  from  compound  No.  9  to  the  compound  with  a  P-OCH3  group  (No.  5a).  By  the  introduction 
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of  an  alkyl  radical  instead  of  the  hydrogen  of  the  NH -group  into  the  compound  No.  5a  with  a  p-OCHj  group,  there 
was  observed,  however,  only  a  weak  effect:  visually,  this  compound  (No.  10)  is  little  different  in  color  than  the  com- 
poujid  with  the  P-OCM3  (No.  5a),  and  has  a  deeper  color  than  the  N -methylated  compound  without  the  additional 
donating  group  p-C)CH3  (No.  9).  However,  as  is  apparent  from  Fig.  7,  the  reflectance  spectrum  of  the  powdered  com¬ 
pound  No.  10  shows  a  hypsochromic  displacement  in  comparison  with  the  compound  No.  5a.  It  could  be  proposed  that 
this  is  connected  with  the  phenomenon  of  chromoisomerism.  It  is  possible  that  in  preparation  No.  10  there  is  some  of 
the  less  colored  chromoisomeric  form  or.  vice  versa,  in  compound  No.  5a  there  is  some  of  the  more  deeply  colored 
form.  As  in  the  case  for  the  corresponding  mononitro -derivatives,  the  reflectance  spectrum  of  the  powdered  compound 
No.  10  is  displaced  bathochromically  over  the  whole  spectral  region  in  comparison  with  compound  No.  9. 

The  influence  of  the  replacement  of  the  group  Q  =  CH2NH  by  the  group  Q  -  CH2CII2NH.  "^e  visual  coloration 
of  a  series  of  derivatives  of  N-[6 -(4-nitrophenyl)-ethyl]-aniline  was  somewhat  deeper  than  the  color  of  the  corre¬ 
sponding  compounds  of  N-(4-nitrobenzyl)-aniline  [2],  but  the  difference  in  color  was  not  great.  The  difference  in 
color  of  the  corresponding  2,4-dinitro  compounds  was  considerably  greater.  Thus,  N -(2,4 -dinitrobenzyl) -aniline  (No. 
11)  was  orange -red,  but  N-[6-(2,4-dinitrophenyl)-ethyl]-aniline  (No.  3a)  was  red.  Similarly,  the  dinitrobenzyl  com¬ 
pound  No.  12  with  a  P-OCM3  group  was  light -red,  but  the  corresponding  beta -phenylethyl  compound  (No.  5a)  was 
dark-red.  The  reflectance  spectra  of  the  powdered  compounds  confirmed  the  visual  observations.  From  Fig.  8,  it  is 
clear  that  on  changing  from  the  benzyl  compounds  to  the  corresponding  0  -phenylethyl  compounds  there  occurs  a 
strong  deepening  of  the  color  over  the  whole  visible  spectral  region. 

This  once  again  confirms  the  correctness  of  the  conclusion  that  the  deepening  of  color  for  the  change  from  Q  = 
CH2NH  to  0  =  CH2CH2NH  is  caused  by  an  increase  of  the  basicity  and  electron -donating  capacity  of  the  amino  group. 
The  deepening  of  the  color  on  changing  from  the  benzyl  to  the  0  -phenylethyl  compounds  at  the  same  time  clearly 
confirms  tliat  the  interaction  of  the  systems  AK  and  BK  by  way  of  transmission  along  the  chain  is  completely  excluded. 

The  influence  of  the  introduction  of  a  second  nitro  group.  Strengthening  the  electron -attracting  power  of  the 
system  BK  of  compounds  of  type  (I)  by  tlie  introduction  of  a  second  nitro  group  causes  a  strong  deepening  of  the  color 
in  the  compounds  (II)  (from  yellow  to  dark-red,  almost  black).  The  reflectance  spectra  of  the  powdered  derivatives 
(described  earlier  [1-3])  of  N-[0  -(4-nitrophenyl)-ethyl]-aniline  are  compared  in  Fig.  9  with  the  cc^responding  2,4- 
dinitro-derivatives.  On  the  introduction  of  a  second  nitro  group  into  N-[0 -(4-nitrophenyl)-ethyl]-aniline  (I)(yellow), 
there  is  obtained  compound  No.  3a  (red).  This  is  shovm  in  Fig.  9  as  a  ^arp  bathochromic  shift  of  the  reflectance 
spectra  of  the  powdered  compound  over  the  whole  visible  spectral  region.  An  analogous  phenomenon  is  observed  on 
changing  from  the  mononitro  derivative  with  the  P-OCH3  group  (II)  (orange-red)  to  the  corresponding  2,4-dinitro- 
derivative  (5a)  (dark -red).  The  curves  of  both  dinitro  compounds  Nos.  3a  and  5a  are  considerably  displaced  to  the 
right  in  relation  to  the  curves  of  No.  1  and  No.  2. 

It  is  interesting  to  observe  that  a  similar  deepening  of  the  color  and  displacement  of  the  spectral  curves  was 
observed  by  us  among  the  mono-nitro  derivatives  of  0  -phenylethyl  aniline  by  increasing  the  electron -donating  power 
of  the  system  AK  through  the  introduction  of  such  strong  donors  as  OH  -  and  NH2 -groups  into  the  para -position  to  the 
NH -group.  Consequently,  any  increase  of  the  strength  of  even  one  part  of  the  system  BK-Q-AK  of  the  electron 
donating  system  AK,  or  of  the  electron  attracting  system  BK  leads  to  a  deepening  of  the  coIot  of  compounds  of  type 
(I).  This  is  undoubtedly  also  connected  with  the  formation  of  more  stable  complexes  between  the  systems  AK  and  BK. 

EXPERIMENTAL 

The  synthesis  of  0  -(2,4-dinitrophenyl)-ethyl  bromide.  In  view  of  the  greater  reactivity  of  the  bromides  as 
compared  to  the  chlorides,  it  was  decided  initially  to  synthesize  0 -(2,4-dinitrophenyl)-ethyl  bromide.  For  the  syn¬ 
thesis  of  this  substance  we  had  to  surmount  great  difficulties.  The  attempts  of  a  series  of  authors  [8]  to  obtain  the 
corresponding  2,4 -dinitrobenzyl  bromide  by  nitration  of  4-nitrobenzyl  bromide  had  been  unsuccessful,  since  during 
the  introduction  of  the  second  nitro  group  the  evolution  of  bromine  was  observed.  An  analogous  phenomenon  was 
observed  by  us  in  the  synthesis  of  0-(2,4-dinitrophenyl)-ethyl  bromide,  but  this  substance  is  fairly  stable  in  com¬ 
parison  with  2, 4 -dinitrobenzyl  bromide. 

After  numerous  experiments,  in  which  the  nature  of  the  nitrating  mixture,  its  concentration,  temperature, 
and  length  of  reaction  time  were  varied,  we  succeeded  in  preparing  this  substance  in  pure  form  [7], 

Additional  data  on  the  procedures  of  some  experiments  are  given  below,  a)  Acetyl  nitrate  was  used  as  the 
nitrating  agent  (according  to  the  method  of  [9].  A  series  of  experiments  were  carried  out  from  0  to  50*.  The  re¬ 
action  did  not  occur,  b)  Nitration  with  an  ordinary  nitrating  mixture  over  the  temperature  interval  from  10  to  50*. 
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There  was  a  violent  evolution  of  bromine.  Tar  was  formed,  c)  A  nitrating  mixture  which  consisted  of  75^o  con¬ 
centrated  sulfuric  acid,  2(f]o  nitric  acid  (d  1.42)  and  water  was  used.  Temperature  40-50*.  Evolution  of  bromine. 

Tar  formation.  Mixtures  of  nitric  acid  and  oleum  {5-2(fIo)  at  temperatures  from  0  to  20*  were  tried.  The  evolution 
of  bromine  was  decreased.  However  no  crystals  could  be  isolated  from  the  viscous  dark-red  oil. 

The  use  of  a  nitrating  mixture  composed  of  fuming  nitric  acid  and  a  large  quantity  of  the  mono-hydrate  was 
most  successful.  The  synthesis  v;as  carried  out  in  the  following  manner.  To  a  solution  of  4.6  g  of  6-(4-nitrophenyl)- 
ethyl  bromide  in  15  g  of  the  mono-hydrate,  there  was  added  a  nitrating  mixture  composed  of  2  g  of  fuming  nitric 
acid  (d  1.6)  and  4  g  of  the  mono-hydrate,  with  mixing  and  in  such  a  manner  that  the  temperature  of  the  reaction 
mixture  did  not  exceed  15*.  After  stirring  for  3  hrs  at  10*  (the  reaction  mixture  changed  from  light  yellow  to  orange - 
red  and  bromine  was  evolved ).the  reaction  mixture  was  poured  onto  ice  and  left  overnight.  The  product  was  ex¬ 
tracted  with  benzene,  the  extract  was  washed  with  water  until  a  neutral  reaction  was  obtained,  and  the  benzene  was 
removed  in  a  water  pump  vacuum.  After  2  days  standing  at -5*.  crystals  of  6 -(2,4-dinitrophenyl)-ethyl  bromide 
precipitated  from  the  orange -red  oil.  After  two  recrystallizations  from  ether,  by  cooling  the  ether  solution  to— 50* 
and  scratching  with  a  glass  rod,  crystals  were  isolated  with  m.p.  34*.  The  yield  was  0.96  g 

Found  N  10.31,  10.45.  C8H704N2Br.  Calculated  <70 :  N  10.2. 

In  view  of  the  small  yield  of  6 -(2,4-dinitrophenyl)-ethyl  bromide,  it  was  decided  to  synthesize  the  corre¬ 
sponding  chloride  on  the  assumption  that  this  product  would  be  more  stable  and  that  the  splitting -off  of  halogen  would 
proceed  to  a  smaller  degree.  In  working  out  the  synthesis  of  this  preparation  we  took  into  consideration  the  methods 
for  obtaining  2,4-dinitrobenzyl  chloride  [10,  11]  and  the  0  -(2,4-dinitrophenyl)-ethyl  bromide  which  we  had  ob¬ 
tained.  In  the  first  experiment  a  nitrating  mixture  of  fuming  nitric  acid  and  concentrated  sulfuric  was  used.  The 
experiments  were  carried  out  at  10-15*.  The  period  of  standing  at  room  temperature  was  14  hrs.  From  the  dark-red 
oil  obtained  after  the  usual  treatment,  some  pale  yellow  crystals  precipitated.  In  subsequent  experiments  the  mono¬ 
hydrate  was  used  instead  of  concentrated  sulfuric  acid;  the  time  of  standing  at  20-25*  was  increased  to  37  hrs,  and  the 
mixture  was  finally  heated  for  1  hr  at  40".  The  yield  was  15-20*70. 

In  final  form,  the  metliod  of  obtaining  0 -(2,4-dinitrophenyl)-ethyl  chloride  was  as  follows.  To  a  solution  of 
250  g  of  0 -(4-nitrophenyl)-ethyl  chloride  in  1020  g  of  mono-hydrate,  tfiere  was  added  with  mixing  a  nitrating  mix¬ 
ture  composed  of  235  g  of  fuming  nitric  acid  and  700  g  of  the  mono-hydrate  at  such  a  rate  that  the  temperature  did 
not  exceed  10-15*.  At  the  end  of  the  addition  of  the  nitrating  mixture,  the  reaction  vessel  was  kept  fcx  24  hrs  at 
room  temperature,  and  then  for  5  hrs  at  40*  with  stirring.  After  cooling,  the  reaction  mixture  was  poured  onto  ice 
and  left  overnight.  The  product  was  extracted  with  ether,  the  ether  extract  was  washed  with  water  and  with  a  so¬ 
lution  of  soda  until  a  neutral  reaction  was  obtained,  and  it  was  then  dried  over  sodium  sulfate.  After  removal  of  the 
greater  part  of  the  ether  in  a  water -pump  vacuiun,  and  of  the  last  traces  by  slow  evaporation  at  0*,  colorless  needles 
were  obtained  with  m.p.  23.5*.  The  yield  was  273  g  (88^o). 

Found  *70:  N  12.4,  12.44.  C8H7O4N2CI.  Calculated  N  12.24. 

N-[0 -(2,4-dinitrophenyl)-ethyl]-aniline  (No.  3a).  A  mixture  of  6.6  g  of  0 -(2,4-dinitrophenyl)-ethyl  chloride 
and  5.6  g  of  aniline  in  30  ml  of  ethanol  was  boiled  for  15  hrs  under  reflux.  The  reaction  mixture  was  poured  into  a 
5 -fold  excess  of  water,  the  precipitate  was  filtered  off,  treated  with  a  solution  of  hydrochloric  acid,  washed  with 
water,  and  recrystallized  from  methanol  following  treatment  with  activated  charcoal.  The  yield  was  2.1  g  (24lo), 

Red  needles  from  metlianol,  m.p.  98". 

Found  %  N  14.88,  14.72.  C14HJ3O4N3.  Calculated  I0:  N  14.63. 

No.  3b-orange  needles  from  a  mixture  of  benzene  and  petroleum  ether,  m.p.  98-99*. 

N-[0  -(2,4-dinitrophenyl)-ethyl3-p-toluidine  (No.  4).  A  mixture  of  4.4  g  of  0  -(2,4-dinitrophenyl)-ethyl  chloride 
and  4.5  g  of  p-toluidine  in  ethanol  was  boiled  for  7.5  hrs  under  reflux.  It  was  worked  up  in  a  manner  analogous  to  the 
preceeding  preparation.  Red  needles  from  methanol  with  m.p.  82.5*.  Tlie  yield  was  2.6  g  (4^o). 

Found  I0:  N  13.67,  13.86.  C15H15O4N3.  Calculated  N  13.94. 

N-[0 -(2,4-dinitrophenyl)-ethyl]-p-anisidine  (No.  5a).  A  mixture  of  9.2  g  of  0  -(2,4-dinitrophenyl)-ethyl 
chloride  and  10  g  of  p-anisidine  in  ethanol  solution  was  boiled  for  16  hrs  under  reflux.  The  work-up  was  similar  to 
that  of  preparation  No.  3a.  Dark -red  needles  from  metlianol  with  m.p.  90".  The  yield  was  4.8  g  (4(77®), 

Found  ‘7®:  N  13.29,  13.34.  C15H15O5N3.  Calculated  *7®:  N  13.25. 
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No.  5b-This  substance  was  crystallized  in  the  form  of  light -red  needles  with  m.p.  90.5°  from  a  mixture  of  ben¬ 
zene  and  petroleum  ether. 

N-[fl  -(2,4-dinitrophenyl)-ethyl]-p-aminoacetanilide  (No.  6a).  A  mixture  of  4.6  g  of  8  -(2,4-dinitrophenyl)- 
ethyl  chloride  and  6  g  of  acetyl -p-phenylenediamine  was  boiled  for  15  hrs  in  ethanol  solution  under  reflux.  The 
work-up  was  the  same  as  for  preparation  No.  3a.  Dark-red  needles  with  m.p.  88-91°  (from  methanol).  The  yield 
was  3.5  g  (5070). 

Found  '7>:  N  15.59.  C6H*05N4.  Calculated  N  16.27. 

Since  the  anal)^ical  result  was  unsatisfactory  some  experiment:  were  run  under  otlier  conditions:  a)  the  mix¬ 
ture  was  boiled  in  butanol  solution  for  6  hrs;  b)  the  solution  was  boiled  in  methanol  for  30  hrs.  However,  both  the 
melting  point  and  the  nitrogen  analysis  after  recrystallization  from  methanol  were  the  same  as  before.  It  turned  out 
(see  No.  6b)  that  the  substance  contained  methanol  of  crystallization,  which  was  confirmed  by  an  analysis  of  the 
crystal  solvate. 

Found  *70:  N  15.59.  C16H16O5N4  •  CH3OH.  Calculated  *70:  N  15.56. 

Preparation  No.  6a  was  dried  in  a  vacuum  pistol  at  65°.  The  substance  at  first  melted,  and  then  solidified  in 
the  form  of  a  red  powder  (brick -colored).  The  m.p.  was  125°  (6b). 

Found  <70:  N  15.90,  16.06.  Ci6Hi6C)^N4.  Calculated  *70:  N  16.27. 

N-[8 -(2,4-dinitrophenyl)-ethyl]-m-anisidine  (No.  7).  A  mixture  of  6.9  g  of  8  -(2,4-dinitrophenyl)-ethyl 
chlOTide  and  12  g  of  m-anisidine,  obtained  according  to  the  method  of  [12],  was  boiled  in  ethanol  solution  for  16  lirs 
under  reflux.  After  tlie  usual  work-up,  red  needles  were  obtained.  The  m.p.  was  87°  (from  methanol).  The  yield 
was  3.8  g  (4(17o). 

Found  *70:  N  13.13,  13.18.  C15H15O5N3.  Calculated  *70:  N  13.25. 

N-[B  -(2,4-dinitrophenyl)-ethyl]-m-aminoacetanilide  (No.  8).  A  mixture  of  6.6  g  of  8 -(2,4-dinitrophenyl)- 
ethyl  chloride  and  14  g  of  m-aminoacetanilide  in  ethanol  solution  was  boiled  for  16.5  hrs  under  reflux.  The  hot  so¬ 
lution  was  poured  into  water.  The  precipitate  was  separated  by  decantation,  and,  for  the  removal  of  the  excess  m- 
aminoacetanilide,  was  heated  with  stirring  in  an  excess  of  water  to  60°.  Light -red  crystals  with  m.p.  165°  were  ob¬ 
tained  after  recrystallization  from  mctlianol.  The  yield  was  5.3  g  (5Cf7o). 

Found ‘7o:  N  16.25,  16.15.  C^Hi605N4.  Calculated ‘7<':  N  16.27. 

N-[8 -(2,4-dinitropheiiyl)-ethyl]-N-methyl  aniline  (No.  9).  A  mixture  of  6.6  g  of  8 -(2,4-dinitrophenyl)-ethyl 
chloride  and  6.5  g  of  N -methyl  aniline,  which  had  been  freshly  distilled  in  vacuo  over  zinc  dust,  was  boiled  for  30 hrs 
in  ethanol  solution  under  reflux.  After  tlie  usual  work-up,  the  substance  was  recrystallized  from  a  large  quantity  of 
methanol  (it  is  poorly  soluble  in  methanol).  Light-red  needles  with  m.p.  132.5°.  The  yield  was  2.2  g  {2'3’io). 

Found ‘7o:  N  13.94,  13.65.  C,5H^04N3.  Calculated  ^o:  N  13.94. 

N-[8 -(2,4-dinitrophenyl)-ethyl]-N-methyl-p-anisidine  (No.  10).  A  mixture  of  9.2  g  of  8 -(2,4-dinitrophenyl)- 
ethyl  chloride  and  12  g  of  N-methyl-p-anisidine,  obtained  according  to  the  method  of  [13],  was  boiled  fex  30  hrs 
under  reflux.  The  reaction  mixture  was  poured  into  water.  A  viscous  dark-red  oil  settled  to  the  bottom.  The  oil 
was  separated  by  decantation,  and  after  24  hrs  standing  at  0-2°  it  crystallized.  The  crystalline  mass  was  treated  with 
20*7’ hydrochloric  acid  and  then  washed  with  water  until  a  neutral  reaction  was  obtained.  After  recrystallization  from 
methanol,  dark -claret -colored  needles  were  obtained  with  m.p.  99°.  The  yield  was  4.5  g  (3'f7o). 

Found  *70:  N  12.61,  12.77.  CjeHiTO^Nj.  Calculated  *70:  N  12.70. 

The  absorption  spectra  of  the  surface  of  the  powdered  substances*  were  measured  on  the  automatic  spectro¬ 
photometer  of  Khard*.  The  substance,  carefully  ground  to  a  powder,  was  spread  in  a  thin  layer  on  Whatman's  semi- 
quantitative  paper.  The  percent  of  reflected  light  was  measured  as  compared  to  the  reflected  light  from  a  surface 
of  pressed,  powdered  magnesium  oxide,  which  was  taken  to  be  10(77o.  For  the  purpose  of  easing  the  observation  and 

•  Preparations  No.  11  [N-(2,4-nitrobenzyl)-aniline],  m.p.  94°,  orange -red  crystals  from  alcohol,  and  No.  12  [N-(2,4- 
dinitr6benzyl)-p-anisidine],m.p.  97°,  red  crystals  from  alcohol,  were  obtained  from  E.  A.  Smirnov. 
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comparison  of  the  spectral  reflectance  curve  of  the  solid  substances  with  the  spectral  curves  in  solution,  we  layed  out 
the  percent -absorbed  light  by  the  surface  of  the  powder  (E)  (just  as  in  the  work  [2])  along  the  ordinate  axis  instead  of 
the  percent  reflected  light  (R)  as  was  done  earlier. 

SUMMARY 

1.  A  series  of  previously  undescribed  derivatives  of  N-[0  -(2,4-dinitrophenyl)-ethyl]-aniline  of  the  general 
formula  (II)  were  synthesized.  All  the  compounds  were  deeply  colored,  notwithstanding  the  presence  of  a  group  Q  of 
CHj  groups  which  interrupted  the  conugation  and  excluded  the  possibility  of  the  formation  of  a  continuous  conjugated 
chain,  the  color  of  compounds  with  a  p-OCHs -group  (No.  5a)  and  its  N -methyl  derivative  (No.  10)  reaching  a  dark- 
red,  almost  black  color. 

2.  Regularities  in  the  changes  of  color  established  on  the  basis  of  visual  observation,  were  .nade  mcxe  precise 
by  examination  of  the  absorption  spectra  of  the  surface  of  the  powdered  compounds  (reflectance  spectra)  obtained  for 
the  substances  in  powdered  form. 

3.  A  strengthening  of  the  electron -attracting  power  of  the  system  BK  by  means  of  the  introduction  of  a  second 
nitro -group  caused  a  considerable  deepening  of  the  color. 

4.  As  in  the  case  of  the  mono-nitro  compounds,  the  introduction  of  a  donating  group  into  the  para -position  to 
the  Nil -group  caused  a  much  greater  deepening  of  the  color  than  its  introduction  into  the  meta -positicm. 

5.  An  increase  of  the  electron -donating  power  of  the  system  AK  by  means  of  replacement  of  the  hydrogen  of 
the  NH -group  by  an  alkyl  radical  or  by  replacement  of  Q  =  CH2NH  by  Q  =  CH2CH2NH,  just  as  is  the  case  for  the  mono- 
nitro  compounds,  caused  a  deepening  of  the  color  with  a  displacement  of  the  spectral  reflectance  curve  completely 
analogous  to  the  displacement  observed  on  the  introduction  of  a  donor  A  into  the  para -position  to  the  NH -group. 

6.  The  color  in  the  solid  state  of  compound  of  type  (II)  is  connected  with  the  interaction  of  the  electron - 
donating  system  (AK)  with  the  electron -attracting  system  (BK)  with  the  help  of  intermolecular  forces  similar  to  those 
required  for  the  formation  of  complex  compounds  of  nitro  compounds  with  artxnatic  amines  and  phenols. 

LITERATURE  CITED 

1.  V,  A.  Izmail'skii  and  V.  E.  Limanov,  ZhOKh,  2631  (1959). 

2.  V.  A.  Izmail'skii  and  V.  E.  Limanov,  ZhOKh,  29,  2927  (1959). 

3.  V.  A.  Izmail'skii  and  V.  E.  Limanov,  Izv.  AN  SSSR,  OKhN,  1500,  1684  (1959). 

4.  V.  E.  Limanov,  Dissertation.  M.  (1959). 

5.  V.  A.  Izmail'skii  and  A.  V.  Malygina,  ZhOKh,  2623  (1959). 

6.  V.  A,  Izmail'skii  and  V.  E,  Limanov,  Coll.  "Structure  of  Substances  and  Spectroscopy."  [in  Russian]  Izd.  AN 
SSSR,  53  (1960). 

7-.  V.  E.  Limanov,  ZhOKh,  30,  2091  (1960). 

8.  Baker  and  Nathan,  J.  Chem.  Soc.  1843  (1935). 

9.  L.  Foreman  and  S.  McElvain,  J.  Am.  Chem.  Soc.  1435  (1940). 

10.  P.  Cohn  and  P.  FriedlSnder,  Ber.  35,  1266  (1902). 

11.  P.  Cohn  and  P.  FriedlSnder,  Monatsh.  545  (1902). 

12.  F.  Reverdin  and  A.  Luc,  Ber.  £7^,  1537  (1914). 

13.  Spath  and  Brunner,  Ber.  522  (1925). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  Enfilish  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


1681 


INVESTIGATIONS  IN  THE  FIELD  OF  POLYMETHYLENE  RINGS 
XXXVI.  ON  THE  QUESTION  OF  THE  FORMATION  OF  A  SEVEN -MEMBERED 
RING  CONTAINING  A  TRIPLE  BOND -CYCLOHEPTYNE 


N.  A.  Domnin  and  R.  Ch.  Kolinskii 
The  Leningrad  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1799-1805,  June,  1961 

Original  article  submitted  June  6,  1960 


In  1936,  it  was  shown  by  one  of  us  that  on  attempting  to  introduce  a  triple  bond  into  a  seven -membered  ring 
there  was  formed,  rather  than  the  expected  cycloheptyne,  a  hydrocarbon  with  an  allene  bond  in  the  seven -membered 
ring -cycloheptadiene- 1,2  [1].  The  formation  of  the  latter  was  interpreted  as  an  isomeric  conversion  of  the  cyclo¬ 
heptyne  which  was  initially  formed  but  which  was  incapable  of  extended  existence. 

Considerably  later,  it  was  established  by  us  [2],  Blomquist  [3],  and  Prelog  [4]  that  polymethylene  rings  with  a 
triple  bond  are  capable  of  existence  only  beginning  with  the  eight -membered  ring.  However,  the  question  of  the 
existence  of  a  seven -membered  ring  containing  a  triple  bond  has  remained  moot.  Further  study  of  this  question  has 
been  the  purpose  of  our  proceeding  investigations  [5,  6],  and  is  also  the  purpose  of  the  present  work. 

Since  it  was  shown  by  Blomquist  [3]  that  purer  cyclic  acetylenes  are  obtained  by  oxidizing  the  dihydrazones  of 
a -diketones,  we  considered  it  expedient  in  our  work  to  utilize  this  method.  Still  earlier,  in  a  series  of  works  on  the 
study  of  the  reactions  between  hydrazine  and  dimethylhydrazine  with  cyclic  diketones,  the  five-  and  six -membered 
cyclic  1,2-,  1,3-,  and  1,4-diketones  were  investigated  by  one  of  us  [6].  The  reactions  with  hydrazine  of  the  eight- 
to  twelve -membered  cyclic  diketones  were  studied  by  Blomquist  [3]  and  Prelog  [4].  The  interaction  of  hydrazine  with 
the  condensed  seven -membered  diketone,  dibenzosuberandione-6,7  was  investigated  by  us  [5].  The  reaction  of  hy¬ 
drazine  with  cycloheptandione-1,2  has  remained  unstudied  to  this  time.  This  is  the  reaction  we  have  investigated 
in  this  work. 

By  the  interaction  of  cycloheptandione-1,2  (1)  [7,  8]  with  hydrazine  there  arc  formed  different  products  depending 
on  the  conditions  under  which  the  reaction  is  carried  out:  tlte  dihydrazone  of  cycloheptandione-1,2  (II),  the  dihy- 
drazone  of  the  monoketazine  of  cycloheptandione-1,2  (III),  and  tar,  which  is  probably  the  polymeric  ketazine. 
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The  best  method  for  the  preparation  of  the  dihydrazone  (II)  is  the  addition  of  the  diketone  (I)  to  a  cooled  so¬ 
lution  of  hydrazine  in  alcohol.  The  use  of  an  excess  of  hydrazine  is  of  substantial  value.  After  removal  of  the  sol¬ 
vent,  the  reaction  mixture  is  left  standing  to  crystallize,  which  takes  several  weeks;  if  a  crystal  of  the  dihydrazone 
01)  is  introduced  into  the  mixture,  however,  crystallization  is  complete  within  24  hrs.  One  can  form  the  dihydrazone 
(II)  by  heating  the  diketone  (I)  with  water -free  hydrazine  in  a  sealed  tube,  but  the  yield  is  small. 

The  white  crystals  of  the  dihydrazone  of  cycloheptadione-1,2  (II)  decompose  on  standing.  No  intense  maxima 
are  shown  by  the  infra-red  spectrum  in  the  1900-1500  cm"*  region;  a  maximum  is  observed  at  1460  cm"*  (CH2 -group). 
The  presence  of  the  double  bond  of  the  group  C  =  N  can  not  be  confirmed  from  the  spectrum  since  the  intensity  of 
the  absorption  band  of  this  group  in  the  infra-red  is  known  to  be  small,  but  the  absence  of  a  C  =0-group,  the  in¬ 
tensity  of  which  is  large,  is  confirmed. 

The  structure  of  the  dihydrazone  (II)  was  confirmed  by  its  chemical  behavior.  In  the  presence  of  a  sulfuric 
acid  solution  of  2,4-dinitrophenylhydrazine  [9],  the  dihydrazone  (II)  underwent  hydrolysis  with  the  precipitation  of 
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the  bis-(2,4-dinltrophenylhydrazone)  of  cycloheptandione-1,2  (IV)  and  the  formation  of  hydrazine  sulfate.  It  appears 
to  us  that  this  reaction  is  a  convenient  method  for  the  determination  of  the  nature  of  different  hydrazones  v/hidi  are 
easily  subject  to  hydrolysis,  since  in  one  reaction  a  derivative  of  the  ketone  and  hydrazine  are  formed.  We  also 
attempted  to  characterize  the  dihydrazone  (II)  by  obtaining  a  picrate,  but  only  hydrazine  picrate  separated. 


The  structure  of  the  ketazine  (III)  was  established  by  an  analysis  of  the  infra-red  spectrum.  It  revealed  the 
presence  of  the  NIIj -group  (frequencies  at  3371,  3305,  3255  cm”^)  and  the  absence  of  the  C  =  O  group  (the  absence 
of  absorption  maxima  in  the  1900-1500  cm’*  region)  in  analogy  to  the  dihydrazone  (II).  The  reaction  with  a  sul¬ 
furic  acid  solution  of  2,4-dinitrophenyIhydrazine  occurred  on  heating.  Hydrazine  sulfate  and  the  bis-(2,4-dinitro- 
phenylhydrazone)  of  cycloheptandione-1,2  (IV)  were  isolated.  Hydrazine  picrate  was  formed  by  the  interaction  of 
the  ketazine  (III)  with  picric  acid,  and  N,N' -dibenzoylhydrazine  (V)  by  reaction  witli  benzoyl  chloride  (Schotten- 
Baumann). 
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An  examination  of  the  spatial  structure  of  cycloheptandione-1,2  (I)  by  means  of  models  shows  that  it  exists  in 
twisted  chair  and  bed  forms.  The  seven -membered  ring  is  sufficiently  mobile  so  that  the  planes  of  the  carbonyl 
groups  form  an  angle  of  about  90-100*  as  a  result  of  the  repulsion  of  the  dipoles.  This  strong  deviation  prevents  con¬ 
jugation  of  the  carbonyl  groups,  and,  therefore,  in  the  reaction  with  hydrazine  they  behave  as  independent  carbonyl 
groups.  An  examination  of  the  models  shows  the  absence  of  steric  hindrance,  both  in  the  diketone  (I)  molecule  and 
in  the  dihydrazone  (II). 

The  oxidation  of  the  dihydrazone  of  cycloheptandione-1,2  (II)  by  yellow  mercuric  oxide  with  KOH  as  a  catalyst 
was  carried  out  in  various  solvents:  benzene,  toluene,  ether. 
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The  water  which  was  formed  in  the  reaction  in  the  case  of  experiments  carried  out  in  benzene  and  toluene  was 
removed  from  the  reaction  medium  as  the  azeotrope  with  the  solvent.  In  experiments  carried  out  in  ether,  the  water 
was  tied  up  by  the  addition  of  anhydrous  magnesium  sulfate  to  the  reaction  mixture.  We  followed  the  progress  of  the 
oxidation  by  measurement  of  the  quantity  of  separated  water  and  evolved  nitrogen,  and  by  determination  of  the  per¬ 
cent  nitrogen  content  of  the  reaction  product.  The  latter  method  was  the  most  reliable. 

The  decomposition  of  the  dihydrazone  is  strongly  dependent  on  the  temperature.  No  oxidation  occurred  in 
boiling  ether;  in  benzene  a  product  was  obtained  which  contained  6.57o  nitrogen,  and  in  toluene  one  containing  5*70 
nitrogen. 

The  high  boiling  point  and  molecular  weight  of  the  substance  obtained  by  oxidation  showed  that  it  was  probably 
a  product  of  the  polymerization  of  cycloheptyne.  A  small  quantity  (0.1  g)  of  crystals  were  separated  from  this  ma¬ 
terial,  but  the  low  percent  content  of  carbon  and  of  hydrogen  in  them  (C  39.72,  40.11;  H  5.41,  5.23),  and  also  the 
presence  in  the  infra-red  spectra  of  an  absorption  band  at  856  cm’*  indicated  that  an  organo -mercury  compound  had 
been  formed.  The  presence  of  the  latter  was  confirmed  also  by  oxidation  with  nitric  acid.  Mercuric  ions  were  ob¬ 
served  in  the  solution. 

Oxidation  of  the  dihydrazone  (II)  (77  g)  was  also  carried  out  in  ether  in  an  autoclave  at  130 -150*.  The  oxidation 
was  incomplete  however;  the  resulting  tar  contained  13^7>  nitrogen.  An  infra-red  spectrum  in  the  2000  cm’*  region 
(LiF  prism)  was  made  immediately  after  distillation.  The  product  in  the  trap  after  the  removal  of  the  remaining 
ether  had  an  absorption  maximum  at  1921-1925  cm’*,  which  cc^esponds  with  the  absorption  of  the  allene  bond  [3]. 
The  liquid  fraction  absorbed  at  2241  and  2218  cm’*  which,  according  to  the  data  of  the  literature  [3]  correlates  with 
the  acetylenic  bond.  In  additicm,  the  infra-red  spectrum  showed  the  presence  of  bands  at  about  1740  cm“*  (COOH), 
1718  cm’*  (C  =0),  and  1640  cm’*  (C  =  C).  All  of  the  fractions  decolorized  a  solution  of  bromine  in  CCI4  and 
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darkened  on  standing.  Cycloheptyne  could  not  be  isolated  by  chromatographic  separation  on  an  alumina  column. 

No  reaction  was  observed  with  phenyl  azide  [3].  The  presence  of  ketones  in  the  liquid  fraction  was  indicated  by  their 
reaction  with  2,4-dinitrophenylhydrazine.  The  bis-(2,4-dinitrophenylhydrazone)  of  cycloheptandione-1,2  (IV)  and 
the  2,4-dinitrophenylhydrazone  of  suberone  were  isolated.  The  fraction  with  b.p.  60-100°  (0.5  mm)  was  tested  for 
the  presence  of  cycloheptadiene-1,3,  but  no  adduct  could  be  isolated  by  reaction  with  maleic  anhydride.  The  frac¬ 
tions  of  b.p.  100-130°  and  135-160°  (0.5  mm)  were  soluble  in  hydrochloric  acid,  which  demonstrated  the  presence  in 
diem  of  products  of  the  polymerization  of  the  dihydrazone  [11]. 

Chemical  investigations  showed  diat  oxidation  of  the  dihydra  zone  occurred  in  benzene  and  toluene  solutions. 

The  existence  of  cycloheptyne  in  the  products  of  reaction  could  not  be  confirmed.  Only  the  presence  of  the  poly¬ 
merization  product  and  the  formation  of  organo -mercury  compounds  was  established. 

Water  was  incompletely  removed  when  the  reaction  was  carried  out  in  ether.  Therefore  the  oxidation  of  the 
dihydrazone  proceeded  to  only  a  small  extent,  and  the  hydrolysis  reaction  predominated  with  the  formation  of  the 
diketone  (I)  and  of  hydrazine.  In  the  presence  of  KOI  I  there  also  occurred  some  reduction  according  to  Kizhner,  with 
the  formation  of  suberone  and  a  rearrangement  of  the  diketone  (1)  to  an  acid.  In  this  experiment  we  observed  the 
presence  of  traces  of  compounds  with  triple  and  allene  bonds,  but  were  unsuccessful  in  isolating  them  in  the  pure 
form  and  determining  their  structure. 

The  experiments  confirmed  the  conclusion  that  cycloheptyne  is  not  stable  because  of  the  great  strain  in  the 
molecule  [1,  2]. 

EXPERIMENTAL 

Cycloheptanone  (suberone)  was  obtained  by  the  method  of  Blicke  [10]  and  was  oxidized  by  selenium  dioxide  to 
cycloheptandione-1,2  according  to  van  der  Haar  [8]. 

Cyclohcptandione-1,2,  b.p.  103-107°  (13  mm),  nf^  1.4685,  was  additionally  characterized  by  the  formation  of 
the  bis-(2,4-dinitrophenylhydrazone)  [11]  (IV),  m.p.  212-214°,  and  of  the  quinoxaline,  m.p.  83.5-85°. 

Found '7o:  N  14.0,  14.05.  C0H14N2.  Calculated  *70 ;  N  14.40. 

1.  The  dihydrazone  of  cycloheptandione-1,2  (II).  1)  In  a  three -necked  flask  furnished  with  a  stirrer,  thermo¬ 
meter,  and  dropping  funnel  were  placed  32  ml  of  anhydrous  hydrazine  and  50  ml  of  anhydrous  alcohol.  The  so¬ 
lution  was  cooled  to  0°  and  31.5  g  (0.25  mole)  of  cycloheptandione-1,2  in  50  ml  of  anhydrous  alcohol  was  introduced 
drop-wise  at  such  a  rate  that  the  temperature  did  not  rise  above  5°.  After  the  addition  of  all  of  the  diketones,  the 
mixture  was  stirred  for  3-4  hrs  and  allowed  to  stand  overnight.  The  alcohol  and  excess  hydrazine  were  distilled  off 
in  vacuo  at  a  temperature  not  higher  than  40°.  An  orange  oil  was  obtained.  Part  of  the  dihydrazone  crystallized  on 
standing  2  months.  The  remainder  of  the  oil  completely  crystallized  within  24  hrs  after  seeding  with  the  dihy¬ 
drazone.  The  crystalline  dihydrazone  (II)  was  separated  by  filtration,  22  g,  m.p.  65-70°.  The  yield  was  b'fJo  based 
on  the  cycloheptandione-1,2.  The  dihydrazone  was  recrystallized  from  benzene  to  give  colorless  crystals  of  m.p. 
70-72*  (with  slight  decomposition). 

Found  *70:  C  54.65,  54.71;  H  9.22,  9.14;  N  36.48  ,  36.59.  M  155,  158.  C7H14N4.  Calculated  *70:  C  54.54; 

H  9.09;  N  36.36;  M  154. 

The  infra-red  spectrum*  was  run  in  a  Nujol  mull:  there  was  no  absorption  in  the  1900-1500  cm“^  region;  CH2 
at  1460  cm"\ 

The  dihydrazone  (II)  is  quite  soluble  in  water,  alcohol  and  hydrazine,  less  so  in  ether  and  benzene,  insoluble 
in  petroleum  ether.  It  is  not  very  stable;  it  becomes  noticeably  yellow  on  standing  in  a  vacuum  desiccator  for  24  hrs, 
and  in  a  month  is  converted  to  a  tar  which  contains  some  crystals.  One  senses  the  odor  of  ammonia  when  the  desic¬ 
cator  is  uncovered.  The  crystals  were  separated  and  characterized  as  the  dihydrazone  of  the  ketazine  of  cyclo¬ 
heptandione-1,2  (Ill).m.p.  195-200°;  it  did  not  show  a  lowering  of  the  melting  point  on  admixture  with  a  known 
sample  of  the  dihydrazone -ketazine  (III). 


•  The  infra-red  absorption  curves  were  run  on  a  single -beam  spectrometer  IKS -11,  modified  for  recording  by  the 
electronic  potentiometer  EPT-09.  A  lithium  fluoride  prism  was  used  for  the  1800-3500  cm'^  region,  a  sodium 
chloride  prism  for  the  800-1800  cm"^.  If  no  solvent  is  mentioned  in  the  text  this  signifies  that  the  substance  was  run 
in  pure  form. 
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2)  Cycloheptandione-1,2,  3.15  g,  and  3  ml  of  anhydrous  hydrazine  were  mixed  with  cooling,  and  were  sealed 
into  an  ampoule  which  was  heated  for  10  hrs  at  100°.  A  small  pressure  was  evident  when  the  ampoule  was  opened. 

The  reaction  mixture  was  seeded  with  crystalline  dihydrazone  (II).  The  crystals  were  filtered  off  and  recrystallized 
from  benzene.  A  small  quantity  of  the  dihydrazone  with  m.p.  70-72®  was  obtained  which  did  not  give  a  melting- 
point  depression  when  mixed  with  a  known  sample  of  the  dihydrazone  (II). 

To  5  ml  of  a  sulfuric  acid  solution  of  2,4-dinitrophenylhydrazine  [9]  was  added  1  g  of  the  dihydrazone  [II]  dis¬ 
solved  in  2  ml  of  alcohol.  The  precipitate  was  filtered  off  and  dissolved  in  benzene.  The  part  of  the  precipitate 
which  was  insoluble  in  boiling  benzene  was  filtered  off.  From  the  benzene  solution  there  precipitated  an  orange -red 
solid  which  after  a  second  recrystallization  from  benzene  melted  at  210®  and  did  not  give  a  depression  of  the  melting 
point  on  admixture  with  a  known  sample  of  the  bis-(2,4-dinitrophenylhydrazone)  of  cycloheptandione-1,2  (IV). 

Found  *70:  N  20.1,  20.0.  CigMigNgOg  •  CeHe.  Calculated  7o:  N  19.85. 

The  residue  which  was  insoluble  in  benzene  was  composed  of  white  crystals  quite  soluble  in  water.  With  barium 
chloride  this  gave  a  precipitate  of  barium  sulfate,  and  with  benzil-the  monohydrazone  of  benzil  ( m.p.  146-148®)  which 
did  not  give  a  depression  of  the  melting  point  on  admixture  with  a  known  sample  of  the  monohydrazone  of  benzil. 

The  white  precipitate  was  best  characterized  as  hydrazine  sulfate. 

The  reaction  of  the  dihydrazone  of  cycloheptandione-1,2  with  picric  acid.  To  a  solution  of  1  g  of  the  dihy¬ 
drazone  (II)  in  2  ml  of  water  a  saturated  aqueous  solution  of  picric  acid  was  added  until  precipitation  ceased.  The 
solid  was  filtered  off  and  crystallized  from  alcohol.  The  yellow  needles,  m.p.  177-179®  did  not  give  a  depression 
of  the  melting  point  on  admixture  with  a  known  sample  of  hydrazine  picrate  (m.p.  178-180°). 

2.  The  dihydrazone  of  the  ketazine  of  cycloheptandione-1,2  (111).  Hydrazine  hydrochloride,  13.8  g,  was  dis¬ 
solved  in  30  ml  of  water,  and  to  this  was  added  a  solution  of  8.0  g  of  sodium  hydroxide  in  15  ml  of  water  and  20  ml 
of  methanol;  the  pH  of  the  solution  was  7-8.  It  was  cooled  to  0®,  and  6.3  g  of  cycloheptandione-1,2  dissolved  in 
40  ml  of  methanol  was  added  drop -wise  at  such  a  rate  that  the  temperature  did  not  exceed  5®.  Sodium  chloride 
crystallized  out  from  the  reaction  mixture  and  was  filtered  off;  the  solution  was  allowed  to  stand  overidght  in  an  ice 
bath  and  for  an  additional  4  hrs  at  room  temperature.  The  pH  of  the  solution  was  about  6.  The  solution  was  filtered 
from  a  small  quantity  of  tar  and  was  cooled;  abundant  crystallization  took  place  when  the  vessel  was  rubbed  with  a 
glass  rod.  The  dihydrazone  of  the  ketazine  with  m.p.  170-175®  was  obtained,  4.0  g.  The  yield  was  58^o  based  on 
the  cycloheptandione-1,2.  The  ketazine  was  obtained  in  the  form  of  white  crystals  of  m.p.  200-204®  (210-212®  on 
fast  heating)  from  alcohol  and  from  benzene.  It  was  quite  soluble  in  alcohol  and  acid,  less  soluble  in  benzene  and 
insoluble  in  water;  it  is  completely  stable  on  standing. 

Found ‘7o:  C  60.57,  60.80;  H  8.96,  8.80;  N  30.63  ,  30.57.  M  266,  257  (in  acetic  acid).  Ci4H24N6.  Calculated 
C  60.86;  H  8.69;  N  30.43.  M  276. 

The  infra-red  specttum  (in  Nujol  mull).  NH2  at  3371,  3305,  3255  cm"^  ;  no  absorption  in  the  1900-1500 
region,  CH2  at  1462  cm’^ 

The  action  of  2,4-dinitrophenylhydrazine  on  the  ketazine  (III).  To  5  ml  of  a  solution  of  2,4-dinitrophenyl  - 
hydrazine  in  sulfuric  acid  [9]  was  added  1  g  of  the  ketazine  dissolved  in  5  ml  of  alcohol.  The  precipitate  was  filtered 
off  and  dissolved  in  benzene.  That  portion  of  the  precipitate  insoluble  in  boiling  benzene  was  separated.  From  the 
benzene  solution  there  precipitated  the  orange -red  bis-(2,4-dinitrophenylhydrazone)  of  cycloheptandione-1,2,  m.p. 
205-208®,  which  did  not  give  a  depression  of  the  melting  point  on  admixture  with  a  known  sample  of  the  2,4-dinitro- 
phenylhydrazone  of  cycloheptandione.  The  hydrazine  sulfate  was  separated  and  characterized  in  the  same  manner  as 
in  the  reaction  of  2,4-dinitrophenylhydrazine  with  the  dihydrazone  of  cycloheptandione-1,2  . 

To  a  solution  of  1  g  of  the  ketazine  (III)  in  5  ml  of  alcohol  a  saturated  alcoholic  solution  of  picric  acid  was 
added  until  precipitation  ceased;  the  solid  was  filtered  off  and  crystallized  from  alcohol.  Yellow  needles  of  m.p. 
177-179®  which  did  not  give  a  depression  of  the  melting  point  on  admixture  with  a  known  sample  of  hydrazine 
picrate  (m.p.  178-180®)  were  yielded. 

A  mixture  of  0.5  g  of  the  ketazine  (III),  2  ml  of  benzoyl  chloride  and  20  ml  of  a  lO^o  dilution  of  KOH  was 
^aken  for  2  hrs.  The  oil  which  formed  was  separated,  washed  several  times  with  water  and  dissolved  in  a  small 
quantity  of  alcohol.  The  solid  which  precipitated  was  recrystallized  repeatedly  from  alcohol;  N,N' -dibenzoyl- 
hydrazine  was  obtained  with  m.p.  230-232®;  it  did  not  give  a  depression  of  the  melting  point  on  admixture  with  the 
known  substance  (m.p.  238®)  [13]. 
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Found  <70:  N  11.48,  11.50.  C^HcOzNa.  Calculated  N  11.66. 

3.  The  oxidation  of  the  dihydrazine  of  cycloheptandione-1,2.  Experiment  1.  In  a  flask  were  placed  100  ml 
of  anhydrous  benzene,  43.5  g  of  yellow  mercuric  oxide  and  4.0  g  of  powdered  KOH,  The  mixture  was  heated  to 
boiling,  and  a  solution  of  15.4  g  of  the  crystalline  dihydrazone  of  cycloheptandione-1,2  (II)  in  100  ml  of  benzene  was 
added  drop-wise.  An  additional  4.4  g  of  mercuric  oxide  was  added,  and  the  reaction  mixture  was  boiled  for  8  hrs. 

The  water  which  was  formed  was  separated  as  the  azeotopic  mixture  with  benzene,  and  the  evolved  nitrogen  was 
collected  in  a  gasometer.  The  amounts  found  were  :  3.1  ml  of  water  (theoretical:  3.6  ml)  and  3.1  liters  of  nitrogen 
(tfieoretical:  4.5  liters). 

The  benzene  solution  was  filtered  from  die  precipitate  and  dried  over  sodium  sulfate.  After  removal  of  the 
benzene,  first  at  atmospheric  pressure  and  afterward  in  a  vacuum,  there  remained  9.0  g  of  a  reddish-brown  oil  N 
6.2,  6.4)  which  was  distilled  at  a  pressure  of  0.5  mm.  A  yellow  oil,  5.5  g,  was  obtained  which  was  distilled  repeated¬ 
ly  at  0.5  mm  pressure  and  a  fraction  was  obtained  which  was  distilled  with  metallic  mercury  and  contained  from 
1.2  to  11.3^0  nitrogen. 

All  of  the  fractions  decolorized  a  solution  of  bromine  in  carbon  tetrachloride. 

Experiment  2.  The  decomposition  was  carried  out  in  a  manner  analogous  to  that  of  experiment  1  but  using 
toluene  as  the  solvent.  There  was  isolated  3.5  ml  of  water  (theoretical:  3.6  ml).  After  distillation  of  the  toluene 
there  remained  6.6  g  of  tar,  n^  1.5656,  ’’Jo  N  4.9,  5.1.  The  tar  was  distilled  at  0.5  mm  pressure. 

All  of  the  fractions  decolorized  a  solution  of  bromine  and  CCI4.  In  this  experiment  there  was  successfully 
isolated  a  small  quantity  (0.1  g)  of  white  crystals  with  m.p.  194-196“,  which  contained:  C  39.72,  40.11*70;  H  5.41, 
5.23*70. 

The  infra-red  spectrum  (in  Nujol  mull)  2934  v.s.,  2862  v.s.,  1472  v.s.,  1386  v.s.,  1198  s.,  1159  s.,  1070  m., 

998  s.,  954  w.,  901  m.,  866  m.  cm'*.  The  nature  and  structure  of  the  crystals  could  not  be  established. 

Experiment  3.  The  decomposition  was  carried  out  as  in  experiment  1,  using  ether  as  a  solvent  and  adding  an¬ 
hydrous  magnesium  sulfate  (20  g)  to  the  reaction  mixture  for  the  purpose  of  tieing  up  the  water  evolved  in  the  re¬ 
action.  No  decomposition  of  the  dihydrazone  (II)  was  observed,  and  no  nitrogen  was  evolved. 

Experiment  4.  In  a  sealed  autoclave  of  1  liter  volume  was  placed  200  ml  of  ether,  250  g(1.15  mole)  of 
yellow  mercuric  oxide,  100  g  of  anhydrous  magnesium  sulfate,  20  g  of  powdered  KOH  and  77  g  (0.5  mole)of  the  di¬ 
hydrazone  of  cycloheptandione-1,2  (II),  m.p.  66-70".  The  autoclave  was  heated  for  6  hrs  at  130-150“  and  was 
allowed  to  stand  overnight  to  cool.  The  pressure  was  released;  the  residue  was  filtered  off,  and  was  extracted  with 
200  ml  of  ether  in  a  Soxhlet  extractor.  The  extract  and  the  filtrate  were  combined  and  the  ether  was  distilled  away. 
A  tar  weighing  40.1  g  was  obtained,  np  1.5290,  N  13.2*70;  it  was  distilled  first  at  a  pressure  of  5-7  mm  and  then  at 
0.5  mm.  All  of  the  fractions  collected  decolorized  a  solution  of  bromine  in  CCI4.  All  of  the  distillations  were 
carried  out  in,  and  all  of  the  fractions  were  stored  in  an  inert  gas  (CO^,  Nz).  Infra-red  spectra  in  the  1900-2300  cm"* 
region  were  determined  for  all  of  the  fractions  immediately  after  distillation;  on  the  following  day  the  infra-red 
spectra  over  the  900-1900  cm"*  region  were  run,  but  the  presence  of  cycloheptyne  in  them  could  not  be  shown.  A 
chromatographic  separation  of  the  fraction  on  an  AlzO^  column  also  failed  to  isolate  the  hydrocarbon. 

A  chemical  investigation  of  the  products  of  the  decomposition  of  the  dihydrazone  of  cycloheptandione-1,2. 

1)  The  reaction  with  phenyl  azide.  To  0.5  g  of  the  fraction  of  b.p.  54-60“  (5-7  mm)  was  added  0.5  g  of  phenyl- 
azide  [12].  No  sign  of  reaction  was  observed. 

2)  The  reaction  with  maleic  anhydride.  A  mixture  of  1.0  g  of  the  fraction  of  b.p.  60-100“  (0.5  mm),  0.5  g 
of  maleic  anhydride  and  3  ml  of  xylene  were  heated  for  5  hrs  under  reflux.  A  small  quantity  of  tar  collected  on 
the  bottom  of  the  flask.  The  xylene  solution  was  poured  into  50  ml  of  ligroin.  The  precipitated  tar  was  combined 
with  the  tar  in  the  flask,  10  ml  of  a  10^  solution  of  sodium  hydroxide  was  added,  and  the  mixture  was  boiled  for 

2  hrs  under  reflux.  The  basic  solution  was  extracted  with  ether  and  acidified.  The  precipitate  was  filtered  off  and 
sublimed.  White  needles  were  obtained  with  m.p.  235-237“.  A  mixture  vrith  fumoric  acid  did  not  show  a  depression 
of  frie  melting  point. 

3)  The  reaction  with  2,4-dinitrophenylhydrazine.  To  1  g  of  the  combined  fractions  (b.p.  54-100“  at  5-7  mm) 
diluted  with  5  ml  of  alcohol  was  added  a  solution  of  0.4  g  of  2,4-dinitrophenylhydrazine  in  sulfuric  acid  [9].  The 
orange  precipitate  weighted  0.4  g.  It  was  boiled  with  10  ml  of  alcohol  and  filtered  off  while  hot.  The  residue  was 
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recrystallized  from  benzene.  The  orange  solid  weighed  0.2  g,  m.p.  208-210%  The  substance  showed  no  depression 
of  the  melting  point  when  mixed  with  the  bis-(2,4-dinitrophenylhydrazone)  of  cycloheptandione-1,2  (IV). 

The  alcohol  filtrate  was  evaporated  to  dryness  and  repeatedly  boiled  with  2  ml  of  alcohol  and  filtered.  From 
the  filtrate  there  precipitated  yellow  crystals  which  after  2  crystallizations  from  alcohol  melted  at  136-138%  A 
mixture  melting-point  with  a  known  sample  of  the  2,4-dinitrophenylhydrazone  of  suberone  melted  at  137-140% 

4)  The  oxidation  with  nitric  acid.  The  fraction  of  b.p.  125-137“  at  0.5  mm,  2.3  g,  and  40  ml  of  fuming  nitric 
acid  were  boiled  under  reflux  until  a  clear  solution  was  obtained.  The  solution  was  evaporated  to  a  volume  of  2-3  ml, 
20  ml  of  fuming  nitric  acid  was  added  and  the  reaction  mixture  was  heated  in  a  sealed  tube  at  180-200"  for  5  hrs. 

The  tube  was  opened  and  the  acid  was  evaporated  almost  to  dryness.  The  precipitated  crystals  were  filtered  off, 
dried  in  a  vacuum  desiccator  over  KOH  and  recrystallized  from  alcohol  to  give  0.1  g  of  white  crystals  with  m.p. 
178-181".  The  substance  was  soluble  in  base  and  in  a  solution  of  NaHCOj  with  the  evolution  of  carbon  dioxide.  It 
did  not  give  a  depression  of  the  melting  point  with  succinic  acid. 

The  filtrate  was  diluted  with  water,  filtered  from  a  precipitate,  and  saturated  with  hydrogen  sulfide.  A  black 
precipitate  formed  which  was  not  soluble  in  dilute  nitric  acid.  It  was  dissolved  in  aqua  regia  and  tested  for  the  pres¬ 
ence  of  ion:  ammonium  iodide  precipitated  red  mercuric  iodide,  soluble  in  an  excess  of  the  reagent;  sodium 
hydroxide  precipitated  yellow  mercuric  oxide;  ammonium  hydroxide  gave  a  white  precipitate.  The  presence  of  the 
mercuric  ion  in  the  solution  was  thus  established. 


SUMMARY 

1.  The  interaction  of  cycloheptandione-1,2  and  hydrazine  was  investigated,  and  conditions  were  worked  out  for 
obtaining  the  dihydrazone  of  cycloheptandione-1,2  and  the  hydrazone  of  the  monoketazine  of  cycloheptandione-1,2, 

2.  The  oxidation  of  the  dihydrazone  of  cycloheptandione-1,2  with  yellow  mercuric  oxide  was  investigated.  A 
spectroscopic  investigation  of  the  product  of  the  reaction  showed  the  presence  of  compounds  with  triple  and  allene 
bonds.  These  compounds  could  not  be  isolated. 

3.  It  was  experimentally  confirmed  that  cycloheptyne  is  not  stable  because  of  the  great  strain  in  the  molecule. 
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The  interaction  of  aniline  with  the  ethyl  ester  of  0  -phenylglycidic  acid  has  been  studied  repeatedly  [1,  2].  It 
has  been  shown  that  the  oxide  ring  of  the  glycidic  acid  is  opened  on  the  side  of  the  a  -carbon  atom,  and  that  there  is 
formed  the  ethyl  ester  of  a -anilino-0 -hydroxy -0 -phenylpropionic  acid. 

CfiHs-ClIOH-CIi-COOCilh, 

I 

NHCgIIs 


Our  purpose  in  this  work  was  to  study  the  kinetics  of  this  reaction.  The  formulation  of  such  a  problem  requires 
a  clear  presentation  of  the  course  of  the  reaction  to  be  investigated.  In  our  case,  that  of  the  interaction  of  the  ethyl 
ester  of  0 -phenylglycidic  acid  with  aniline,  it  is  theoretically  possible  for  the  reaction  to  proceed  in  several  direc¬ 
tions.  In  the  first  place,  the  oxide  ring  of  the  ester  of  glycidic  acid  can  open  on  the  side  of  the  a-  or  of  the  0  -carbon 
atom  with  the  formation  of  structural  isomers.  In  the  second  place,  during  the  reaction  the  glycidic  acid  ester  may 
isomerize  to  the  keto  acid  and  finally,  thirdly,  not  only  can  the  oxide  ring  react  with  aniline  but  also  the  complex 
ester  group.  As  has  been  stated  above,  it  was  shown  in  the  preceeding  investigations  [1,  2]  that  the  reaction  proceeds 
with  the  opening  of  the  oxide  ring  on  the  side  of  the  a  -carbon  atom.  In  connection  with  this  question  we  should  like 
to  make  several  observations.  In  our  earlier  work  on  the  proof  of  structure  of  analogous  products,  we  depended  on  the 
fact  that  the  a  -hydroxy  -  0  -amino  acids  which  are  obtained  by  the  opening  of  the  oxide  ring  on  the  side  of  the  0  - 
carbon  atom,  when  treated  with  concentrated  sulfuric  acid  evolve  carbon  monoxide  to  form  aminoaldehydes,  which 
are  then  converted  into  homologs  of  indole.  We  considered  that  a -amino-6  -hydroxy  acids  under  these  conditions 
would  not  evolve  carbon  monoxide.  However,  this  latter  assertion  apparently  requires  a  critical  reevaluation.  The 
fact  is  that  the  product  of  the  addition  of  aniline  to  the  ethyl  ester  of  0  -phenylglycidic  acid  which  we  considered  to 
be  a  derivative  of  a -amino  -  0 -hydroxy  acid  decomposes  when  heated  with  concentrated  sulfuric  acid  at  130°  with 
the  quantitative  evolution  of  carbon  monoxide,  although  no  indole  is  formed.  This  compels  us  to  assume  that  a- 
amino-hydroxy  acids,  just  like  a-hydroxy  acids,  also  can  decompose  in  the  presence  of  sulfuric  acid  with  the  evolu¬ 
tion  of  carbon  monoxide.  In  order  to  check  this,  we  synthesized  the  ethyl  ester  of  a-anilinophenylacetic  acid  [3] 
and  subjected  it  to  the  action  of  concentrated  sulfuric  acid  and  heat.  Decomposition  occurred  at.  170°  with  the 
evolution  of  carbon  monoxide.  A  quantitative  measurement  showed  that  1  mole  of  the  ester  evolved  0.78-0.80  mole 
of  carbon  monoxide.  This  reaction  probably  proceeds  according  to  the  following  scheme; 


C6H5-CH-COOC2H5 

NHCfiHs 


CpHG-CH^N-CeHs  -j-  CO  -f  CallsOH. 


This  shows  that  the  splitting  off  a  carbon  monoxide  in  concentrated  sulfuric  acid  occurs  not  only  with  a  - 
hydroxy  acids,  but  also  with  a -amino  acids,  although  the  reaction  does  not  proceed  so  smoothly.  Apparently,  this 
means  that  it  is  Impossible  to  resolve  the  question  of  the  position  of  the  hydroxyl  and  amino  groups  with  relation  to 
the  carboxyl  group  by  relying  only  on  the  evolution  of  carbon  monoxide  under  the  conditions  described  above.  As 
was  discussed  above,  the  course  of  the  reaction  can  be  complicated  by  isomerization  of  the  glycidic  ester  into  the 
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keto  acid  ester.  Outwardly,  this  can  be  expressed  by  a  decrease  of  the  yield  of  product  in  the  interaction  with  aniline. 
Indeed,  the  reaction  goes  only  to  the  extent  of  50-60^o.  But  this  could  be  explained  on  other  bases:  It  is  completely 
possible  that  the  ethyl  ester  of  6  -phenylglycidic  acid  which  is  used  as  the  starting  material,  and  which  ordinarily  is 
obtained  by  the  Darzens  reaction,  is  not  completely  pure.  As  a  rule,  esters  of  glycidic  acid  obtained  by  this  reaction 
boil  over  a  several  degree  range,  which  is  an  indirect  indication  of  possible  impurity.  We  decided  to  check  this  by 
a  quantitative  determination  of  the  epoxy -oxygen.  To  do  this,  we  made  use  of  the  addition  reaction  of  hydrogen 
chloride  or  hydrochloric  acid  to  the  oxide  ring.  This  method  is  widely  used  for  the  quantitative  determination  of 
epoxy  -oxygen  in  oxides  of  unsaturated  hydrocarbons  and  some  of  their  derivatives  [4]. 

We  carried  out  the  determination  of  the  percentage  composition  of  the  ethyl  ester  of  0  -phenylglycidic  acid  by 
three  different  metliods:  hydrochloric  acid  in  dioxan  [5],  hydrogen  chloride  in  a  mixture  of  isoan  /I  ether  and  carbon 
tetrachloride  [6],  and  hydrochloric  acid  in  pyridine  [4].  All  three  methods  gave  similar  results,  which  was  rather  un¬ 
expected.  From  the  data  of  the  determinations  it  follows  that  the  product  of  the  condensation  of  benzaldehyde  with 
the  ethyl  ester  of  chloroacetic  acid  according  to  Darzens  contains,  as  a  matter  of  fact,  only  58-60  percent  of  die  ethyl 
ester  of  6  -phenylglycidic  acid. 

The  most  convenient  method  of  measurement  was  that  with  hydrochloric  acid  in  pyridine:  the  reaction  takes 
place  in  only  30  min  (at  the  boiling  point  of  pyridine)  and  gives  results  which  agree  well.  Precise  data  are  obtained 
from  the  measurement  with  a  solution  of  HCl  in  a  mixture  of  isoamyl  ether  and  carbon  tetrachloride,  however,  com¬ 
pletion  of  the  reaction  requires  not  less  than  20  hrs.  The  method  utilizing  hydroehloric  acid  in  dioxan  does  not  give 
good  precision.  During  the  investigation,  the  ethyl  ester  of  0  -phenylglyeidic  acid  was  obtained  five  times,  and  the 
content  of  epoxy  compounds  always  lay  within  the  limits -56.5 -59. 0*7o.  One  can  understand  from  this  why  the  yield 
of  the  product  of  the  addition  of  aniline  to  the  ethyl  ester  of  0  -phenylglycidic  acid  does  not  exceed  60*70.  There  is 
no  use  expecting  a  greater  yield.  In  fact,  the  reaction  goes  with  a  100  percent  yield  and  the  complete  utilization  of 
all  the  glycidic  ester.  The  data  thus  allow  us  to  assert  that  the  glycidic  ester  does  not  isomerize  to  the  keto  ester 
during  the  reaction.  However,  in  order  to  be  completely  sure,  we  studied  the  influence  of  heat  on  the  stability  of 
the  ethyl  ester  of  0 -phenylglyeidic  acid.  For  this  purpose  the  content  of  the  ethyl  ester  of  0 -phenylglycidic  acid  was 
determined  directly  after  the  reaction -before  distillation  of  the  reaction  mixture,  and  after  rectification  and  separa¬ 
tion  of  a  narrow  fraction.  A  similar  quantity  of  the  ester  of  phenylglycidic  acid  was  obtained  in  both  cases.  For 
final  elucidation  of  the  question  of  the  thermal  stability  of  the  ethyl  ester  of  0  -phenylglycidic  acid,  it  was  heated 
for  7  hrs  at  150°  and  5  hrs  at  180°,  Even  this  did  not  cause  a  noticeable  change  in  the  percent  content  of  the  epoxy - 
ester. 


For  clarification  of  the  question  of  the  behavior  of  the  ester  of  glycidic  acid  in  the  presence  of  aniline,  and  to 
determine  if  there  occurred  a  replacement  of  the  ester  group  by  the  phenylamide  group,  aniline  and  the  ethyl  ester 
of  0  -phenylglycidic  acid  in  a  3  :  1  molar  ratio  were  heated  at  140°  for  5  hrs.  Determinations  of  the  content  of  the 
etliyl  ester  of  0  -phenylglyeidic  acid  and  of  aniline  were  made  periodically  during  the  reaction.  The  glycidic  ester 
was  meausred  by  the  pyridine -HCl  method,  and  aniline  by  the  method  of  Bauer  [7];  it  was  established  by  means  of 
special  experiments  that  the  presenee  of  the  glycidic  ester  and  the  ethyl  ester  of  a-anilino-0 -hydroxy-0 -phenyl- 
propionic  acid  did  not  influence  the  sensitivity  of  the  measurement  of  the  content  of  aniline.  The  investigations 
showed  that  the  components  react  with  one  another  in  molar  ratio  and  consequently  there  occurs  neither  isomeriza¬ 
tion  of  the  ester  of  glycidie  acid,  nor  the  formation  of  the  phenyl  anilide. 

For  final  proof  that  in  the  reaction  with  aniline  the  ester  of  the  glycidic  acid  is  completely  used  up,  both  com¬ 
ponents  in  a  3  :  1  molar  ratio  were  heated  in  a  bomb  for  6  hrs  at  140°.  By  subsequent  vaeuum  distillation,  the  product 
of  the  reaction -the  ethyl  ester  of  a -anilino-  0 -phenyl-0  -hydroxy -propionic  acid -was  separated  from  the  remaining 
mobile  and  lower  boiling  liquids  in  whieh  would  be  found  any  unreacted  ester  of  glycidic  acid.  However  a  test  for 
the  epexy -group  was  negative.  Thus,  the  reaetion  between  the  ethyl  ester  of  0 -phenylglycidic  acid  and  aniline 
actually  goes  to  complete  utilization  of  the  epoxy  compound. 

For  study  of  the  kinetics  of  the  reaction,  equimolar  quantities  of  the  ethyl  ester  of  0  -phenylglycidic  acid  and 
aniline  were  heated  at  140°,  and  after  definite  time  intervals  the  ester  of  phenylglycidic  acid  which  had  not  entered 
the  reaction  was  measured.  From  data  obtained  by  the  usual  methods,  the  order  of  the  reaction  was  calculated.  The 
reaction  between  aniline  and  the  ethyl  ester  of  0  -phenylglycidic  acid  turned  out  to  be  of  second  order.  The  rate 
constant  of  the  reaction  was  also  determined  at  temperatures  of  100,  110,  120,  130  and  140°.  From  the  temperature 
dependence  of  the  rate  constants,  using  the  Arrhenius  equation,  the  energy  of  activation  was  determined  by  the 
graphical  method;  it  was  10  ±  1  kcal. 
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TABLE  1 


Aliquot, 

Aliquot, 

ml  of  0.1  N 

A  0.1  N 

mM 

Content  of  the 

mg 

idM 

NaOH 

NaOH,  ml 

titrated 

ethyl  ester  of  the 

glycidic  acid(  %) 

260.6 

1.3() 

40.70 

8.00 

0.79 

58.6 

382.9 

1.99 

40.90 

11.80 

1.17 

59.0 

441.8 

2.30 

36.40 

13.05 

1.37 

59.64 

223.2 

1.6 

45.75 

6.95 

0.692 

59.6 

587.0 

3.06 

32.65 

18.00 

1.83 

59.8 

TABLE  2 


Time, 

Moles  of  aniline  consumed  out 

Moles  of  the  ethyl  ester 

of  phenyl 

min 

of  3  moles 

giycidic  acid  consumed  out  of 

1  mole 

5 

0.07 

0.08 

0.13 

0.09 

0.10 

10 

0.16 

0.17 

0.18 

0.16 

0.17 

0.18 

20 

0.30 

0.35 

0.36 

0.30 

0.31 

0.31 

.30 

0.42 

0.43 

0.43 

0.40 

0.40 

0.41 

40 

0.46 

0.51 

0.51 

0.48 

0.49 

0.49 

60 

0.51 

0.56 

0.,59 

0.55 

0.56 

0..56 

90 

0.59 

0.59 

0.61 

120 

0..50 

0.57 

0.59 

180 

0.55 

0..59 

0.61 

0..59 

240 

0..54 

0.58 

0.60 

:mh) 

()..5() 

0.57 

0.60 

TABLE  3 


Aliquot, 

mg 

V/KOH 

V/CUzCl; 

^CO 

Temper¬ 

ature 

Pressure, 

mm 

V* 

CO 

'^calc. 

Moles  CO/ 
moles  ester 

1.54.3 

13.55 

0.70 

12.85 

24° 

757 

11.80 

12.12 

0.974 

155.5 

13.70 

0.60 

13.10 

25 

757 

11.95 

12.21 

0.979 

149.5 

13.25 

0.40 

12.85 

20 

746 

11.75 

11.75 

1.000 

154.5 

14.05 

0.50 

13..55 

22 

746 

12.31 

12.14 

1.014 

153.5 

13.75 

0.65 

13.16 

19 

763 

12.29 

12.09 

1.014 

TABLE  4 


Aliquot, 

mg 

V/KOH 

V/CUzCl; 

'^CO 

Temper¬ 

ature 

Pressure. 

mm 

'^CO 

'^calc. 

Moles  CO/ 
moles  ester 

159.17 

12.55 

0.53 

13.02 

22 

748 

10.05 

14.02 

0.781 

158.2 

12.05 

0.20 

11.95 

22 

758 

11.03 

13.92 

0.792 

160.5 

13.00 

0.52 

12.48 

24 

745 

11.25 

14.09 

0.798 

154.3 

11.50 

0.50 

11.00 

19 

7.57 

10.24 

12.12 

0.802 

153.4 

12.45 

0.65 

11.80 

23 

758 

10.85 

13.47 

0.806 
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EXPERIMENTAL 

The  ethyl  ester  of  S  -pheiwlglycldic  acid  was  obtained  by  die  Darzens  reaction,  and  after  several  distillations 
had  the  properties;  nfj  1.5320,  d^  1,142. 

Found ‘7o;  C  68.12;  H  6.15.  CuHnO^.  Calculated ‘7®:  C  68.73;  H  6.20. 

The  quantitative  determination  of  the  ethyl  ester  of  3  -phenylglycidic  acid  in  the  condematlon  product  of  the 
Darzens  reaction.  The  measurement  with  hydrochloric  acid  in  pyridine.  An  aliquot  of  the  ethyl  ester  of  0 -phenyl¬ 
glycidic  acid  (200-600  mg)  and  25  ml  of  0.2  N  solution  of  hydrochloric  acid  in  pyridine  were  heated  for  30  min  under 
reflux  at  the  boiling  point  of  the  mixture;  after  this,  the  contents  of  the  flask  were  cooled,  and  50  ml  of  a  previously 
neutralized  0.002  percent  alcohol  solution  of  cresol-red  was  added.  The  excess  HCl  was  back-titrated  with  0.1  N 
solution  of  sodium  hydroxide  in  methyl  alcohol.  The  end-point  used  was  the  change  in  color  from  yellow  to  violet. 
The  results  of  the  measurements  are  given  in  Table  1. 

The  determination  of  the  consumption  of  aniline  and  of  the  ethyl  ester  of  0 -phenylglycidic  by  mutual  reaction 
in  molar  amounts.  Aniline  and  the  ethyl  ester  of  0  -phenylglycidic  acid  were  taken  in  a  3  :  1  ratio,  and  the  reaction 
was  carried  out  at  140°.  The  content  of  the  glycidic  ester  was  measured  with  hydrochloric  acid  in  pyridine,  and  the 
aniline  by  the  method  of  Bayer  and  Molle  [7],  (Table  2). 

The  interaction  of  the  ethyl  ester  of  ot-anillno-  0 -hydroxy -0 -phenylpropionic  acid  with  concentrated  sulfuric 
acid.  The  determination  of  carbon  monoxide  from  this  interaction  was  canied  out  according  to  Bystritskil-Semi- 
radskii  [8]  with  the  difference  that  the  reaction  mixture  was  stirred  with  a  magnetic  stirrer.  The  carbon  monoxide 
evolved  was  absorbed  in  an  ammoniacal  solution  of  cuprous  chloride  (Table  3). 

The  interaction  of  the  ethyl  ester  of  g-anilino-phenylacetic  acid  with  concentrated  sulfuric  acid.  The  in¬ 
vestigation  was  carried  out  according  to  the  method  cited  above.  The  reaction  went  at  170°  (Table  4). 


The  determination  of  the  order  of  the  reaction.  Equimolar  quantities  of  the  ethyl  ester  of  0  -phenylglycidic 
acid  and  aniline  were  heated  at  140°  in  a  glycerin  thermostat.  Small  glass  bulbs  of  2  -3  ml  capacity  were  used  as 
reaction  vessels.  After  filling  with  the  reaction  mixture,  they  were  sealed,  weighed,  and  immersed  in  the  thermostat 
where  they  were  maintained  for  the  necessary  time.  The  reaction  was  interrupted  by  immersion  of  the  bulbs  in  cold 
water.  The  glass  bulbs  were  broken  open,  and  the  measurement  of  the  ethyl  ester  of  0  -phenylglycidic  acid  was 
carried  out  with  a  solution  of  hydrochloric  acid  in  pyridine.  The  data  obtained  were  inserted  into  the  usual  rate 
equations  for  organic  reactions,  taken  in  the  differential  and  integral  forms,  and  the  rate  constants  were  calculated. 
The  best  agreement  in  the  value  obtained  came  from  application  of  the  second  order  equation. 


The  determination  of  the  order  of  the  reaction  from  the  half-reaction  time  was  carried  out  starting  from  the 
half -reaction  time  equation  of  the  Nth  order  for  the  case  when  two  experiments  were  carried  out  with  different 
initial  molar  concentrations  aj  and  a2.  In  this  case  the  equation  for  the  time  of  half-conversion  has  the  following 
form: 


II 

T2 


from  which 


The  order  of  the  reaction  was  calculated  by  means  of  combinations  of  the  corresponding  pairs  of  values: 


“1 

T, 

«2 

T’z 

n 

0.973 

76 

0.750 

97 

1.93 

0.973 

76 

0.600 

112 

1.80 

0.973 

76 

0.450 

133 

1.76 

0.973 

76 

0.240 

274 

1.92 

0.750 

97 

0.240 

274 

1.91 

0.500 

126 

0.240 

274 

1.06 

0.350 

173 

0.240 

274 

2.32 

0.850 

88 

0.400 

149 

2.00 

0.700 

103 

0.350 

173 

1.73 
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The  determination  of  the  rate  constants  of  the  reaction  at  different  temperatures  for  the  purpose  of  calculating 
the  energy  of  activation.  The  rate  constants  were  determined  for  the  temperatures  100,  110,  120,  130  and  140",  The 
reactions  were  carried  out  under  exactly  the  same  conditions  as  those  for  the  determinations  of  the  order  of  the  re  - 
action,  but  instead  of  equlmolecular  quantities  of  the  starting  materials  aniline  was  used  in  excess.  To  carry  out  the 
reaction  at  100",  the  molar  ratio  of  aniline  and  the  glycidic  ester  was  1.00  :  0.590;  for  the  remaining  temperatures 
the  ratio  was  1.00  :  0.565.  Each  experiment  was  carried  out  in  triplicate.  The  values  obtained  were  inserted  into 
the  second  order  rate  equation  for  non -equivalent  initial  concentrations. 

1  (a  —  x)b 

^  t  (a  —  b)  ’  (b  —  x)  a 


The  average  values  of  the  rate  constants  determined  for  the  temperatures  given  above  were: 


100* 

5 

10“^ 

110 

8 

10-^ 

120 

10 

10-® 

130 

14 

10-® 

140 

19 

10-^ 

The  activation  energy  was  determined  graphically  from  the  logarithmic  form  of  the  Arrhenius  equation.  The 
value  found  was  10  ±  1  kcal. 


SUMMARY 

1.  A  quantitative  determination  was  made  of  the  content  of  the  ethyl  ester  of  0  -phenylglycidic  acid  in  the 
condensation  product  from  benzaldehyde  with  the  ethyl  ester  of  monochloroacetic  acid  under  the  conditions  of  the 
Darzens  reactions.  It  was  found  that  the  reaction  proceeds  only  to  the  extent  of  58-60^o  to  form  phenylglycidic  acid; 
the  remaining  40-427o  are  by-products. 

2.  It  was  shown  that  by  the  action  of  concentrated  sulfuric  acid  carbon  monoxide  is  split  off  not  only  from  a- 
hydroxy-,  but  also  from  a-amino  acids. 

3.  The  kinetics  of  the  reaction  between  aniline  and  the  ethyl  ester  of  6 -phenylglycidic  acid  were  studied.  It 
was  shown  that  the  reaction  follows  a  second  order  equation.  The  rate  constants  of  the  reaction  were  determined  for 
the  temperatures  100,  110,  120,  130  and  140*.  The  activation  energy,  10  i  1  kcal,  was  calculated  from  the  depen¬ 
dence  of  the  rate  constants  on  the  temperature. 
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A  study  of  the  reactions  of  the  arylcyclopropanes,  proceeding  with  the  participation  of  the  three -membered 
rings -the  interaction  with  salts  of  mercuric  oxide  [1],  and  with  aromatic  compounds  in  the  presence  of  aluminum 
chloride  [2]-has  shown  that  the  three -membered  ring  in  the  arylcyclopropanes  reacts  similarly  to  the  double  bond  in 
styrenes  [3,  4],  This  similarity  was  confirmed  also  by  the  ability  of  the  cyclopropane  ring  to  conjugate  with  the  ben¬ 
zene  nucleus,  which  was  demonstrated  by  the  Raman  spectral  curves  of  the  arylcyclopropanes  [5].  Reactions  of  another 
type  have  been  described  which  take  place  with  the  benzene  ring  in  the  arylcyclopropanes -nitration  [6]  and  acetyla¬ 
tion  [7]  of  phenylcyclopropane  in  the  para -position.  Nitrophenylcyclopropane  has  served  as  the  starting  material  for 
the  formation  of  various  derivatives  of  phenylcyclopropane. 

The  present  work  is  devoted  to  the  study  of  the  analogous  reactions  of  phenylcyclobutane.  It  is  known  that  the 
valence  angles  in  the  four -membered  ring  are  distorted,  and  that  it  is  also  able  to  conjugate  with  the  benzene  nucleus 
[8],  The  goal  set  up  was  to  investigate  how  far  the  analogy  between  a  double  bond  and  the  small  rings  can  be  ex¬ 
tended. 

Attempts  to  induce  phenylcyclobutane  to  react  with  mercuric  acetate,  and  to  use  it  for  the  alkylation  of  aro¬ 
matic  compounds,  showed  that  the  four -membered  ring  in  phenylcyclobutane  is  stable  under  conditions  in  which  the 
three -membered  ring  in  phenylcyclopropane  is  easily  opened,  and  that  the  ring  is  not  broken  even  under  more  ex¬ 
treme  conditions.  Thus  phenylcyclobutane  remained  unchanged  by  heating  it  to  60“  with  anisole  in  the  presence  of 
AICI3  (phenylcyclopropane  alkylates  anisole  even  at  -50*  [2]). 

The  direct  introduction  of  substituents  into  the  benzene  ring  of  phenylcyclobutane,  just  as  is  the  case  for  phenyl¬ 
cyclopropane,  would  broaden  the  possibilities  of  synthesizing  substituted  phenylcyclobutanes.  The  nitration  and 
acylation  of  phenylcyclobutane  was  studied.  Nitration  occurred  through  the  action  of  fuming  nitric  acid  in  acetic 
anhydride  at -50°. 


—  p-NO2Con4-0 
(I) 


The  nitro  compound  obtained  was  used  for  the  synthesis  of  other  derivatives  of  phenylcyclobutane. 


p-NO.,Ccn4-0  P-NH2C,, 114-0  ->  I  p-XN2CeH4-0|  _^p-XColl4-0 

(II)  (III) 

X  =  a)  Cl.  Rr;  b)  OH;  c)  CN. 


Several  of  these  were  synthesized  by  us  by  another  path -it  was  used  as  a  proof  of  structure  of  the  original 
nitrophenylcyclobutane.  So,  for  example,  the  compounds  (Ilia)  were  obtained  by  catalytic  decomposition  of  the 
corresponding  3-aryltetrahydropyridazines  [9], 

CfilUX-p 

I 


P-XC6H4-0 
\/  X=C1,  Br. 


1^ 


Nil 


Pt,  KOH 
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By  Friedel -Crafts  acylation  of  phenylcyclobutane  there  were  obtained  p-acetyl-  and  p-butyrylphenylcyclo- 
butanes. 


C.II.,-<2> 


RCOCI,  AlCI, 
CHCl,. 

(IV) 


.  nCOCr.H4-0 

R  =  CH,.  CaH,. 


The  structure  of  the  synthesized  p-acylcyclobutanes  was  proven  by  die  formation  of  the  2,4-dinitrophenyl- 
hydrazones  and  also  by  oxidation  to  cyclobutylbenzoic  acid  (VI)  prepared  by  another  path-the  hydrolysis  of  the 
nitrile  (inc). 


nc()-<f  /~0 

(m 


\/  2)  HCI 


(VI 


HgNCO-^ _ VO 

(V) 


H,0. 

"^KOH 


(Illn) 


The  arylcyclobutanes  with  substituents  in  the  para -position  were  characterized  by  their  ultra-violet  absorption 
spectra  (Figs.  1-3).  In  Fig.  1  are  presented  the  ultraviolet  absorption  spectra  of  p-amino-  and  p-hydroxyphenyl- 
cyclobutane.  It  should  be  remarked  that  the  spectrum  of  p-hydroxyphenylbutane  is  quite  similar  to  the  spectrum  of 
p-methoxyphenylcyclobutane  [12], 

The  absorption  spectra  of  p-acylphenylcyclobutanes  (p-acetyl-  and  p-butyryl)  closely  resemble  one  another 
(Fig.  2),  and  have  only  one  characteristic  maxima.  The  absorption  curves  for  p -cyclobutylbenzoic  acid  and  its  amide 
are  shown  in  Fig.  3. 

EXPERIMENTAL 

Phenylcyclobutane  was  obtained  by  catalytic  decomposition  of  3 -phenyl-1,4,5,6 -tetrahydropyridazine  by  meth¬ 
ods  described  earlier  by  us  [8].  Purification  from  the  by-product  styrene  was  carried  out  by  heating  with  2,4-dinitro- 
phenyl  sulfonyl  chloride  [10].  The  yield  was  35*70. 

B.  p.  190°  (750  mm),  np  1.5269,  d^®  0.9375.  Data  from  the  literature  [8]:  b.p.  190-191°  (755  mm),  np  1.5274, 
d^4®  0.9378. 

The  action  of  mercuric  acetate  on  phenylcyclobutane.  To  a  solution  of  16.2  g  of  mercuric  acetate  in  100  ml 
of  anhydrous  methyl  alcohol  was  added  6.6  g  of  phenylcyclobutane  in  50  ml  of  alcohol.  The  reaction  mixture  was 
shaken  for  24  hrs  at  room  temperature.  The  solvent  was  removed  in  vacuo  and  unreacted  phenylcyclobutane  was 
removed  by  distillation.  A  95‘7o  yield  (6.2  g)  of  the  starting  material,  phenylcyclobutane,  was  isolated  with  the  same 
physical  constants. 

Attempts  to  alkylate  anisole  with  phenylcyclobutane  were  carried  out  under  die  same  conditions  under  which 
benzene  is  alkylated  by  phenylcyclopropane  [2].  In  a  four -necked  flask  furnished  with  a  stirrer,  reflux  condenser, 
dropping  funnel  and  thermometer  were  placed  18  g  of  anisole  and  2  g  of  AICI3.  With  stirring,  6.6  g  of  phenylcyclo¬ 
butane  was  added  very  slowly  from  the  dropping  funnel.  ITie  mixture  was  cooled  so  that  the  reaction  temperature 
was  maintained  at  9-10°.  The  reaction  mixture  was  stirred  for  6  hrs.  left  to  stand  overnight  at  room  temperature,  and 
then  decomposed  with  water.  Tlie  upper  layer  was  separated,  and  to  this  was  added  a  benzene  extract  from  the  lower 
layer;  tlic  benzene  solution  was  washed  with  2  N  hydrochloric  acid,  soda,  and  water,  and  was  dried  over  magnesium 
sulfate.  Tlie  benzene  and  anisole  were  distilled  off  in  vacuo,  and  the  residue  was  then  distilled.  The  yield  was  6.1  g 
(92*70)  of  phenylcyclobutane:  b.p.  189-190°  (750  mm),  np  1.5250,  <14®  0.9369. 

An  unsuccessful  attempt  was  also  made  to  alkylate  anisole  with  phenylcyclobutane  at  60°;  9(f/o  of  unchanged 
phenylcyclobutane  was  recovered  from  the  reaction  mixture. 

p-Nitrophenylcyclobutane  (1).  To  a  mixture  of  70  g  of  acetic  anhydride  and  12  ml  of  nitric  acid  (d  1.5),  cooled 
to- 60°,  with  energetic  stirring  was  added  5  g  of  phenylcyclobutane,  maintaining  the  temperature  of  the  mixture  at 
-50  to -45°,  After  the  addition,  stirring  was  continued  for  another  half-hour  at -40  to  -35°,  after  which  the  cold 
mixture  was  poured  into  300  ml  of  hot  water.  This  was  extracted  with  ether,  which  was  then  washed  with  cold  water, 


1694 


with  2  N  soda  solution  and  with  water;  it  was  then  dried  over  calcium  dilaride.  After  removal  of  die  solvent,  the 
residue  was  distilled  in  vacuo.  The  yield  was  5.1  g  (l3lo), 

B.p.  154-155*  (20  mm),  nfj  1.5605,  dj®  1.1506;  MRj,  49.83.  Calculated  49.34. 

Found  *70:  N  8.05,  8.18.  CioHijOgN.  Calculated  ^Vo:  N  7.96. 


Fig.  2.  The  ultraviolet  absorp¬ 
tion  spectra.  1)  p-acetylphenyl- 
cyclobutane  (Xmax  250,  log  e  max 
4.24);  2)  p-butyrylphenylcyclo- 
butane  (  Xmin  223,  log  Smin 
3.39,  Xmax  ^  max 

4.15). 

p-Aminophenylcyclobutane  (p-cyclobutylaniline)  (II).  In  a  three¬ 
necked  flask  was  placed  7  g  of  the  nitro  compound,  6  g  of  reduced  iron 
powder,  6  g  of  calcium  chloride.  25  ml  of  water,  and  6  ml  of  concentrated 
hydrochloric  acid;  the  mixture  was  carefully  boiled  and  stirred  for  1  hr,  after  which  an  additional  3  g  of  iron  and 
10  ml  of  hydrochloric  acid  were  added,  and  the  heating  was  continued  for  another  30-40  min.  To  the  reaction  mix¬ 
ture  was  added  base  until  a  strong  basic  reaction  was  obtained,  and  the  amine  which  separated  was  removed  by  steam 
distillation;  the  distillate  was  extracted  with  ether,  which  was  then  dried  over  potassium  hydroxide;  after  removal  of 
the  solvent,  the  residue  was  distilled  in  vacuo.  The  yield  was  3.9  g  (607o). 

B.p.  129  - 130"  (10  mm),  nf^  1.4806,  1.0373,  MRq  46.90.  CioH^NFa  O  .  Calculated  46.44. 


Fig.  3.  The  ultraviolet  ab¬ 
sorption  spectra.  1)  The  amide 
of  p-cyclobutylbenzoic  acid 

(^max  ®max  3*®8); 

2)  p-cyclobutylbenzoic  acid 
(Xmax  238,  log  ®max  4.19). 


Fig.  1.  The  ultraviolet  absorption 
spectra.  1)  p-Hydroxyphenylcyclo- 
butane  (Xmin ^^8  ®min  2.55, 
^max  2'^3,  log  6 max  2.28,  Xmin 
284,  log  Cmin  2.18,  Xmax 
log  6  max  2.21);  2)  p-aminophenyl- 
cyclobutanc  (Xmin250,  log  6min 
2.71,  Xmax  262,  log  Cmax  2.82, 
^max  ®max  2.83). 


Found  1o:  c  81.09,  80.96;  H  8.98,  8.91.  CjoHcN.  Calculated  *70:  C  81.34;  H  8.91. 


The  product  of  tlie  addition  to  phenylisothiocyanate— N-phenyl-N*-p-cyclobutylphenylthiourea,  m.p.  139- 
140°  (from  alcohol). 

Found  1o:  C  72.17,  72.28;  H  6.58,  6.56;  N  9.76,  9.92.  CitH^NiS.  Calculated ‘7» :  C  72.31;  H  6.43;  N  9.90. 
The  following  substances  were  obtained  by  the  diazo  reaction  from  p-aminophenylcyclobutane: 
p-Chlorophenylcyclobutane  (Ilia);  yield  63*7o. 

B.  p.  103-104°  (10  mm),  nfj  1.5370,  d^®  1.1117.  Uterature  data  [9]:  b.p.  103.5-104.5°  (10  mm),  nj}  1.5375, 

dV  1.1122. 

p-Bromophenylcyclobutane  (Ilia);  yield  45^o. 

B.  p.  106-108°  (10  mm),  np  1.5637,  d4®  1.3428.  Literature  data  [9]:  b.p.  107-108°  (10  mm),  n^  1.5643, 
d4®  1.3435. 
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p-Cyclobutylphenol  (Illb);  yield  76^o,  m.p.  86.5-87.0°  (from  petroleum  ether). 

Found  C  80.77,  80.95;  H  8.30,  8.18.  CioHcO.  Calculated ‘Vo;  C  81.04;  H  8.16. 

The  nitrile  of  p-cyclobutylbenzoic  acid  (lllc)  (yield  37*70)  was  subjected  to  further  conversion  without  purifica¬ 
tion. 

The  amide  of  p-cyclobutylbenzoic  acid  (V).  A  mixture  of  3.14  g  of  the  nitrile  and  5  ml  of  a  6^7°  solution  of 
hydrogen  peroxide  were  dissolved  in  aqueous  acetone  and  slightly  heated.  On  removal  of  the  acetone,  the  white 
amide  precipitated.  The  yield  was  8^o,  m.p.  147-148°  (from  aqueous  acetone). 

Found ‘Vo;  C  75.12,  75.28;  H  7.24,  7.31.  CuHj,ON.  Calculated  *70:  C  75.40;  H  7.48. 

p-Cyclobutylbenzoic  acid  (VI)  was  obtained  by  boiling  the  amide  with  an  aqueous  base  for  3  days.  The  yield 
was  78‘Vo,  m.p.  118-119°  (from  aqueous  acetone). 

Found ‘Vo;  C  74.72,  74.65;  H  6.73,  6.69.  CuHcO^.  Calculated  ‘Vo;  C  74.90;  H  6.86. 

Acylation  of  phenylcyclobutane.  To  a  suspension  of  26.6  g  of  aluminum  chloride  in  100  ml  of  dry  chloro¬ 
form  was  slowly  added  0.2  moles  of  the  acid  chloride  at  0-5°;  to  the  mixture  so  obtained,  at  4°  was  added  drop-wise 
13.2  g  of  phenylcyclobutane.  After  die  addition  of  several  drops,  the  temperature  was  gradually  raised  and  hydrogen 
chloride  was  evolved.  The  mixture  was  then  cooled  to -25°  and  all  of  the  phenylcyclobutane  was  introduced  at  this 
temperature.  After  stirring  for  an  hour  at— 25  to-  5°,  the  reaction  mixture  was  hydrolyzed  with  750  ml  of  ice  water 
and  200  ml  of  concentrated  hydrochloric  acid.  The  ketone  was  extracted  with  chloroform;  the  extract  was  dried  over 
magnesium  sulfate;  after  distillation  of  the  solvent,  the  residue  was  distilled  in  vacuo.  The  following  substances 
were  obtained  in  this  manner: 

p-Acetylphenylcyclobutane  (IV);  yield  52‘7o. 

B.  p.  144.5-145.0°  (10  mm),  njJ  1.5486,  d^®  1.0373;  MRj)  53.39.  Ci2Hi4Of3  0‘.  Calculated  52.46. 

Found ‘Vo:  C  82.43,  82.52;  H  8.16,  8.19.  CcHiP.  Calculated  C  82.72;  H  8.10. 

2,4-Dinitrophenylhydrazone,  m.p.  181.5-182.0°  (from  a  mixture  of  petroleum  ether  and  acetone).. 

Found ‘Vo:  C  60.92,  61.00;  II  5.15,  5.24.  Ci8Hjg04N4.  Calculated  *70 :  C  61.01;  H  5.12. 

p-Butyrylphenylcyclobutane  (IV);  yield  63®/o. 

B.  p.  155-156°  (10  mm),  n^^  1.5380,  4®  1.0204;  MRp  62.01.  CmHujOPjO.  Calculated  61.54. 

Found  %:  C  82.92,  83.01;  H  9.08,  9.00.  C^HisO.  Calculated  <7o:  C  83.12;  H  8.97. 

2,4-Dinitrophenylhydrazone,  m.p.  178.5-179.0°  (from  a  mixture  of  petroleum  ether  and  acetone). 

Found ‘Vo:  C  62.55,  62.43;  H  5.86,  5.92.  C20H22O4N4.  Calculated ‘Vo :  C  62.81;  H  5.80. 


The  oxidation  of  p-acetylphenylcyclobutane.  To  a  solution  containing  20  ml  of  water,  20  ml  of  dioxan,  12  g 
of  sodium  hydroxide,  and  9  g  of  bromine  was  added  1  g  of  the  ketone  and  the  mixture  was  stirred  for  5  hrs.  The 
dioxan  was  extracted  with  ether,  the  aqueous  layer  was  acidified  with  hydrochloric  acid  and  decolorized  with  a  so¬ 
lution  of  sodium  bisulfite;  p-cyclobutylben2M5ic  acid  was  filtered  off.  The  yield  was  85‘V<»,  m.p.  118-119°  (from 
aqueous  alcohol).  A  sample  mixture  with  acid  obtained  from  the  nitrile  (IIIc)  did  not  give  a  depression  of  the  melting 


point. 


SUMMARY 


1.  In  contrast  to  the  three -membered  ring  in  phenylcyclopropane,  the  four -membered  ring  in  phenylcyclo¬ 


butane  is  stable  to  the  action  of  mercuric  oxide  salts  and  does  not  enter  into  the  alkylation  reaction  of  aromatic 


compounds  in  the  presence  of  aluminum  chloride. 


2.  By  nitration  of  phenylcyclobutane  with  nitric  acid  (d  1.5)  in  acetic  anhydride  at -50°,  the  nitro  group  is 
introduced  into  the  para -position  of  the  benzene  ring,  and  the  four -membered  ring  is  not  affected. 


3.  p-Nitrophenylcyclobutane  can  be  used  for  obtaining  p-cyclobutylaniline,  and  from  this  by  way  of  the  diazo 
reaction -phenylcyclobutanes  with  various  substituents  in  the  para -position. 

4.  Phenylcyclobutane  is  easily  acylated  in  the  para-position  under  the  conditions  of  the  Friedel-Crafts  re¬ 
action. 
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As  a  result  of  their  capacity  to  condense  with  malonic  ester,  2-arylcyclohexen-2-ones  may  be  used  for  the 
synthesis  of  polynuclear  aromatic  hydrocarbons  of  the  phenanthrene  [1,  2],  chrysene  [3],  and  3,4-benzphenanthrene 
[2]  series. 

Three  general  methods  have  been  proposed  previously  for  the  synthesis  of  2-arylcyclohexen-2-ones.  The  first 
of  friese  consists  of  nitrosation  of  1-arylcyclohexenes  with  nitrosyl  chloride,  reduction  of  the  nitroso  compounds  thus 
obtained  to  oximes,  and  hydrolysis  of  the  latter  [4],  The  second  method  consists  of  dehydrohalogenation  of  2-aryl- 
2-halocyclohexanones  [5],  In  the  third  method,  difficultly  obtainable  2-arylcyclohexanediones-l,3  are  used  as  the 
starting  materials;  2-arylcyclohexen-2-ones  are  formed  by  reduction  of  enol  ethers  of  these  diketones  with  lithium 
aluminum  hydride  and  subsequent  acid  hydrolysis  of  the  reduction  products  [6], 

In  the  present  work  we  describe  a  more  convenient  method  of  synthesizing  2 -arylcyclohexen -2 -ones  (de¬ 
scribed  previously  [7]  for  the  synthesis  of  2-arylcyclopenten-2-ones).  The  method  consists  of  the  following  stages; 
conversion  of  readily  available  cyclohexanedione-1,2  [8]  into  the  enol  ether  with  one  free  carbonyl  group,  reac¬ 
tion  of  the  latter  with  arylmagnesium  halides,  and  dehydration  of  the  tertiary  alcohols  formed  with  subsequent  hy¬ 
drolysis  of  the  product  of  this  reaction. 
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The  2 -arylcyclohexen -2 -ones  obtained  in  this  way  were  characterized  by  the  preparation  of  their  2,4-dinitro- 
phenylhydrazones  and  by  their  ultraviolet  absorption  spectra. 

EXPERIMENTAL 

2-Isobutoxycyclohexen-2-one.  To  a  solution  of  cyclohexanedione-1,2  (80  g,  0.71  mole)  and  isobutanol (90 ml) 
in  dry  benzene  was  added  0.5  g  of  p-tolucnesulfonic  acid.  The  mixture  was  boiled  under  reflux  for  4  hr  with  the 
water  formed  removed  by  means  of  a  Dean  and  Stark  head.  The  cooled  reaction  mixture  was  washed  with  dilute  so¬ 
lutions  of  sodium  carbonate  and  sodium  hydroxide  and  then  with  water  and  dried  with  baked  magnesium  sulfate.  The 
residue  after  removal  of  the  solvent  was  vacuum  distilled.  We  obtained  74  g  (61*70)  of  substance. 

B.p.  105-106*  (12  mm),  n^  1.4548,  d|°  0.9563;  MR^  47.71.  CioHieOiF.  Calculated  47.37. 

Found  *70;  C  71.79,  71.90;  H  10.00,  9.62.  CjoHigOfe.  Calculated  *70;  C  71.42;  H  9.52. 

2 -Arylcyclohexen -2 -ones.  A  solution  of  2-isobutoxycyclohexen-2-ones  (16.8  g,  0.1  mole)  in  dry  ether  (150 
ml)  was  added  to  a  solution  of  arylmagnesium  bromide  (0.12  mole)  in  dry  ether  (75  ml)  at  such  a  rate  that  the  ether 
boiled  slightly.  At  the  end  of  the  reaction,  the  reaction  mixture  was  stirred  for  3  hr  and  on  the  following  day,  it  was 
decomposed  with  a  saturated  solution  of  ammonium  acetate.  The  aqueous  layer  was  separated  and  extracted  with 
ether.  The  combined  ether  extracts  were  washed  with  water  and  dried  with  magnesium  sulfate.  To  the  residue  after 
removal  of  the  ether  were  added  0.4  g  of  p-toluenesulfonic  acid  and  200  ml  of  benzene  and  the  mixture  boiled  under 
reflux  for  1  hr  with  the  water  liberated  removed  by  means  of  a  Dean  and  Stark  head.  The  benzene  solution  was 
washed  first  with  37o  sodium  hydroxide  solution  and  then  with  water  and  dried  with  magnesium  sulfate.  The  residue 
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2  -Arylcyclohexen-2  -ones 


Boiling  point 

Found 

(%) 

Calcu  - 
lated  (%) 

Uttravlolat 

•baorptlon 

•p«ctnm 

a  S 

is  g 
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(pressure  in 
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Melting 
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bo 

•  Q 

c  »  •:?  N 

"Soi  S-o 

x: 

^  0  OJC 

2-Phenyl - 
cyclohexen- 
2 -one 

151-1540(8) 

940  * 

51 

83.84 

83.94 

7.17 

6.99 

CijIlioO 

83.72 

6.97 

260 

3.71 

165-166® 

2-p-Metho- 

xyphenyl- 

cyclohexen- 

2-one 

172-175  (8) 

59 

38 

77.49 

77.35 

7.03 

7.05 

Ci.iHj402 

77.22 

6.93 

277 

3.75 

172-173 

2-a  -Naph- 

thylcyclo- 

hexen-2-one 

185-190(3) 

103  •• 

37 

86.60 

86.62 

6.32 

6.47 

Ciell  14^^ 

86.48 

6.30 

382 

4.23 

168-169 

*  Literature  data  [4];  m.p.  93*;  2,4-dinitrophenylhydrazone,  m.p.  165-166*. 

*  *  Literature  data  [2];  m.p.  102-103*;  2,4-dinitrophenylhydrazone,  m.p.  169*. 


after  removal  of  the  benzene  was  hydrolyzed  by  boiling  with  200  ml  of  iSVo  sulfuric  acid  for  3  hr;  the  reaction  prod¬ 
uct  was  extracted  from  the  acid  solution  with  ether.  After  the  normal  treatment  and  removal  of  the  solvent,  the  un- 
saturated  ketone  obtained  was  vacuum  distilled  and  then  recrystallized  from  ligroin  (b.p.  60-80*).  The  constants  and 
analyses  of  the  2 -arylcyclohexen-2 -ones  obtained  in  this  way  and  the  melting  points  of  their  2,4-dinitrophenylhy- 
drazones  (after  recrystallization  from  a  mixture  of  ethyl  acetate  and  anhydrous  alcohol)  are  given  in  the  table. 

SUMMARY 

2 -Arylcyclohexen-2 -ones  may  be  synthesized  by  a  new  method  which  consists  of  the  following  successive  re¬ 
actions:  conversion  of  cyclohexanedione-1,2  to  the  ether  of  its  monoenol  form,  reaction  of  the  latter  with  arylmag- 
nesium  bromides,  dehydration  of  the  tertiary  alcohols  formed,  and  hydrolysis  of  the  products  of  this  reaction. 
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AROMATIC  HYDROCARBONS 
XIX.  2-PHENYLFUORENES* 

V.  R.  Skvarchenko,  D.  Ts.  Tsyblkova,  and  R.  Ya.  Levina 

M.  V.  Lomonosov  Moscow  State  University 

Translated  from  Zhurnal  Obshchel  Khlmil,  Vol.  31,  No.  6, 

pp.  1819-1822,  June,  1961 

Original  article  submitted  June  27,  1960 


We  previviously  developed  a  preparative  method  for  obtaining  hydrocarbons  of  the  fluorene  series  by  the  action 
of  phosphorus  pentoxide  on  die  adducts  of  dienes  and  cinnamic  acid  [1].  In  the  present  communication  we  describe 
a  method  of  preparing  hydrocarbons  of  the  2-phenylfluorene  series;  as  the  starting  dienophile  in  this  method  we  used 
p-phenylclnnamic  (p-diphenylacrylic)  acid.  The  use  of  p-phenylcinnamic  acid  as  a  dienophile  in  diene  synthesis 
(with  2,3-dimethylbutadiene-l,3)  has  been  mentioned  only  in  the  patent  literature  [2],  We  obtained  adducts  of  p- 
phenylcinnamic  acid*  *  with  butadiene,  2,3-dimethylbutadiene-l,3,  piperylene,  and  isoprene  by  heating  benzene 
solutions  of  the  reagents  in  an  autoclave  for  18  hr  (in  the  presence  of  small  amounts  of  picric  acid  and  hydroquinone). 


n  -1^  *  Lcoon  -'I^J-GOOH 

(I.  II) 

(I)  11=  R,  =  H;  (II)  CHj. 


I 


4- 


-  C6H4-Cfln5  ^  |j^V\  ^-CcHs 

Lcooh  n-'!^  J— cooh 

r 

Hi 

(III.  IV) 

(III)  R=H;  R,  =  CHj. 

(IV)  r  =  ciIj:  r,  =  h. 


The  structures  of  the  adducts  (III)  ("ortho-adduct")  and  (IV)  ("meta -adduct")*  *  *  obtained  from  dienes  and 
dienophiles  of  unsymmeterical  structure  were  demonstrated  by  conversion  of  the  compounds  (by  decarboxylation  and 
subsequent  dehydrogenation  in  the  presence  of  platinum)  to  3 -methyl-  and  4-methyl-p-terphenyls,  respectively. 


R— ' 


\ _ ^ 


pt 


I 

H, 


I— COOH 


-CO,;  -2H,  R_ 


(III,  IV) 


The  adducts  (I  -  IV),  which  were  2-p-diphenyl-l,2,3,6-tetrahydrobenzoic  acid  and  its  closest  homologs  with 
one  and  two  methyl  groups,  were  converted  to  the  corresponding  2 -phenylfluorenes  (43-51*70  yield)  by  heating  with 
phosphorus  pentoxide.  The  reaction  proceeded  through  intramolecular  acylation,  migration  of  the  double  bond,  and 
dehydration  [1]. 

*  See  ZhOKh,  3504  (1960)  for  communication  XVIIl. 

*  *  p-Phenylcinnamic  acid  was  obtained  (92*7o  yield)  by  condensation  of  malonic  acid  in  the  presence  of  glacial  acetic 
acid  with  p-phenylbenzaldehyde,  which  was  obtained  in  its  turn  from  biphenyl  by  the  Gatterman-Koch  method  in 

yield. 

*  *  •  We  should  note  that  the  diene  synthesis  between  isoprene  and  cinnamic  acid  formed  the  "para -adduct"  (with 
respect  to  the  carboxyl  group  [1]). 
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/ 


P.o, 


\/\/\^ 

CO 


-C,H, 


— HjO  11  II  I _ r*  II 


By  this  method  we  obtained  2-phenylfluorene  (V)  and  6,7 -dimethyl-2 -phenylflucnrene  (VI)  from  2-p-diphenyl- 
1,2,3,6-tetrahydrobenzoic  acid  (I)  and  4,5 -dimethyl-2 -p-diphenyl-1,2,3, 6 -tetrahydrobenzoic  acid  (II),  the  adducts 
of  p-phenylcinnamic  acid  with  butadiene  and  2,3-dimethylbutadiene-l,3, 


n  — / 


./A 


p.o, 


n  — 


\\ 


Ri-l  ,;-coon  11^  .I-Coii, 

(I.  II)  (V.  VI) 

(I,  V)  R  =  R,  =  H;  (II,  VI)  R  =  R,  =  CH,. 


By  the  same  reaction  we  obtained  8 -methyl-2 -phenylfluorene  (Vn)  and  7 -methyl -2-phenylfluorene  (VIII)  from 
6 -methyl-2 -p-diphenyl-1,2,3, 6 -tetrahydrobenzoic  acid  (III)  and  5 -methyl-2 -p-diphenyl-1,2,3, 6 -tetrahydrobenzoic 
acid  (IV),  respectively  (the  adducts  of  p-phenylcinnamic  acid  with  piperylene  and  isoprene). 


/\ 

//\  \ 

II  1 

1  II  II  1 

n-lj^J-cooii 

1  r  ii  -2H,o 

n _ 1  I  II  1. 

'  V\/\^ 

n,  (III,  IV)  Hi  (vn.  viii) 

(III,  VII)  R=H;  R,  =  CHj. 

(IV,  VIII)  R  =  cil,:  R,  =  H. 

The  2 -phenylfluorenes  synthesized  were  characterized  by  the  ultraviolet  absorption  spectra*  Like  the  spectra 
of  1 -phenylfluorene  [3]  and  9-phenylfluorene  [4],  the  spectrum  of  2-phenylfluorene  differed  from  that  of  fluorene 
itself  [3]. 

To  demonstrate  that  the  hydrocarbons  obtained  were  fluorenes,  we  oxidized  one  of  them,  namely,  7-methyl- 
2 -phenylfluorene  (Vni),  to  7-methyl-2-phenylfluorenone  with  potassium  bichromate  in  acetic  acid  (with  heating). 

EXPERIMENTAL 

p-Phenylbenzaldehyde.  Into  a  three -necked  flask  with  a  stirrer,  reflux  condenser,  and  gas-inlet  tube  were 
placed  60  g  of  biphenyl,  12  g  of  cuprous  chloride,  90  g  of  aluminum  chloride,  and  240  ml  of  anhydrous  benzene  and 
the  mixture  heated  for  16-17  hr  while  a  stream  of  dry  hydrogen  chloride  and  carbon  monoxide  was  passed  in  (the 
input  rate  of  carbon  monoxide  was  2-3  times  greater  than  the  input  rate  of  hydrogen  chloride).  The  reaction  mix¬ 
ture  was  left  overnight  and  then  decomposed  by  pouring  onto  ice;  the  oily  layer  was  separated  and  the  benzene  and 
unreacted  biphenyl  removed  from  it  by  steam  distillation.  The  residue  was  extracted  with  ether,  the  extract  washed 
with  2  N  hydrochloric  acid  and  water,  and  the  ether  removed.  The  p-phenylbenzaldehyde  obtained  in  this  way  was 
mixed  with  a  407°  solution  of  sodium  bisulfite  and  after  the  mixture  had  stood  for  one  day,  the  precipitate  was  col¬ 
lected,  washed  with  ether,  and  decomposed  by  heating  for  6-8  hr  with  excess  2  N  sodium  carbonate  solution.  The 
purified  p-phenylbenzaldehyde  was  extracted  with  ether,  the  extract  dried  with  magnesium  sulfate  and  filtered,  and 
the  ether  removed  to  yield  the  aldehyde  with  m.p.  57-58“  (from  ligroin).  The  yield  was  90f7o.  literature  data  [5]; 
m.p.  57“, 

p-Phenylcinnamic  acid.  Equimolecular  amounts  of  p-phenylbenzaldehyde  and  malonic  acid  in  a  glacial  acetic 
acid  were  heated  on  a  water  bath  (under  reflux)  until  the  evolution  of  carbon  dioxide  ceased.  Removal  of  the  acetic 
acid  yielded  p-phenylcinnamic  acid  (92^!/o  yield),  which  was  recrystallized.  It  had  m.p.  223-224“  (from  toluene), 
which  corresponds  to  literature  data  [5]. 

Adducts  of  p-phenylcinnamic  acid  with  dienes.  Adduct  with  butadiene;  2-p-diphenyl-l,2,3,6-tetrahydro- 
benzoic  acid  (I).  A  mixture  of  45  g  of  p-phenylcinnamic  acid  and  excess  butadiene  (36  ml)  in  anhydrous  benzene 


We  would  like  to  thank  L.  A.  Kazitsyna  for  plotting  die  spectra  (on  an  SF-4  spectrophotometer). 
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of  the  adduct  and  phosphorus  pentoxide  were  heated  for  1  lir  on  a  metal  bath  at  330-350°;  the  hydrocarbon  formed  was 
vacuum  distilled  (with  a  gradual  reduction  in  pressure  to  8-10  mm)  and  purified  by  vacuum  sublimation  and  recrystal¬ 
lization. 

2 -Phenylfluorene  (V),  which  was  obtained  from  the  adduct  of  butadiene  in  43%  yield,  melted  at  191-192°  (from 
alcohol).  Literature  data  [7]:  m.p.  193°.  256,  288,  359,  379  (log  4.40,  4.47,  3.01,  2.94). 

Found  %;  C  93.82,  93.85;  H  6.14,  6.03.  C19H14.  Calculated  %:  C  94.17;  H  5.83. 

6,7 -Dimethyl-2 -phenylfluorene  (VI)  was  obtained  from  the  adduct  of  2,3-dimethylbutadiene-l,3  in  51%  yield 
and  had  m.p.  216-217°  (from  acetic  acid  and  then  from  alcohol).  Xmax  291,  362,  382  (log  Cj^ax  4-65,  1.98,  1.88). 

Found  %:  C  93.43  ,  93.59;  H  6.69,  6.61.  QiHjg.  Calculated  %;  C  93.28;  H  6.72. 

8 -Methyl -2 -phenylfluorene  (VII)  was  obtained  from  the  adduct  of  piperylene  in  4SPlo  yield  and  had  m.  p. 
121-123'  (from  alcohol).  Xjnax  290,  382  (log  Cj^ax  4-56,  1.59). 

Found  %:  C  93.78  ,  93.94;  H  6.49,  6.33.  CjoHje.  Calculated  %:  C  93.71;  H  6.29. 

7 -Methyl -2 -phenylfluorene  (VIII)  was  obtained  from  the  adduct  of  isoprene  in  4^o  yield  and  had  m.p.  186- 
187°  (from  anhydrous  alcohol).  Xj^ax  28'7t  382  (log  Cj^ax  4.52,  1.49). 

Found  %:  C  93.57,  93.69;  H  6.48,  6.30.  QoHjg.  Calculated  %:  C  93.71;  H  6.29. 

7-Methyl-2-phenylfluorenone  was  obtained  by  oxidation  of  7 -methyl -2 -phenylfluorene  (VIII)  (0.3  g)  with 
potassium  bichromate  (0.8  g)  in  acetic  acid  (16  ml  of  glacial  acetic  acid  and  2  ml  of  water)  by  boiling  for  1.5  hr; 
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die  reaction  mixture  was  poured  into  iced  water  and  the  precipitate  collected  and  extracted  with  ethanol.  The 
alcohol  extract  was  evaporated  and  the  ketone  thus  obtained  recrystallized  frcvn  a  mixture  of  benzene  and  Ugroin, 
sublimed  in  vacuum  (at  2  mm),  and  recrystallized  again.  It  had  m.p.  118-121*. 

Pound'll*:  C  88.06,  87.86;  H  5.33,  5.61.  CjoHuO.  Calculated*^:  C  88.30;  H  5.42. 

SUMMARY 

1.  Heating  the  adducts  of  conjugated  dienes  and  p-phenylcinnamic  acid  with  phosphorus  pentoxide  is  a 
preparative  method  of  syndiesizing  2 -phenylfluorene  and  its  homologs. 

2.  p-Phenylcinnamic  acid  is  an  active  dienophile  in  diene  synthesis. 
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1703 


SYNTHESIS  OF  HYDROCARBONS 


LXXVII.  STERIOISOMERIC  1, 3, 5-TRlALKYL-(0,l, 3)^’’ -BICYCLOHEXANES 

R,  Ya.  Levina,  K.  S.  Shanazarov,  and  V.  N.  Kostin 

M.  V.  Lomonosov  Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1823-1827,  June,  1961 

Original  article  submitted  July  1,  1%0 


In  previous  communications  [1,  2]  one  of  us  described  a  new  synthesis  of  several  bicyclic  hydrocarbons  of  the 
(0,l,3)-bicyclohexane  series  with  alkyl  groups  at  the  carbons  connected  by  the  bridge,  namely,  l,3-dialkyl-(0,l,3)^’*- 
bicyclohexanes. 


It  is  known  that  in  bicyclic  hydrocarbons  of  the  condensed  type,in  which  one  of  the  rings  is  three-  or  four- 
membered,  there  can  only  be  cis -coupling  of  the  two  rings  (A)  as  trans -coupling  (B)  would  lead  to  too  strained  a 
system. 


Hence,  it  follows  that  1,3 -dialkyl-(0, 1,3)^*^ -bicyclohexanes  where  the  alkyl  groups  are  in  the  cis -cis -position 
relative  to  each  other  because  of  the  1,3  "bridging"  bond,  can  exist  only  in  the  form  of  one  stereoisomer.  In  1,3,5- 
trialkyl-(0,l,3)^’* -bicyclohexanes  the  presence  of  the  alkyl  group  in  position  5  should  cause  the  existence  of  only 
two  stereoisomers,  namely,  cis-cis-cis  and  cis-cis-trans  forms. 


Cis -cis -cis  form 


Cis-cis-trans  form 


1,3,5 -Trimethyl-  and  1,3 -dimethyl-5-ethyl-(0,l,3)^’^ -bicyclohexanes  were  synthesized  in  the  present  work. 
The  synthesis  was  carried  out  by  the  method  we  developed  previously  [1,  2],  which  consists  of  exhaustive  hydrobro  - 
mination  of  the  corresponding  homologs  of  cyclohexadiene-1,3  and  subsequent  elimination  of  the  halogdn  with  zinc 
dust  from  the  cyclic  ditertiary  dibromides  formed. 


J 


I 

R 


2HBr 


iHaC^I  J^CHg 
I 

R 


Zn 


I 

R 


R  =  CHj  C,H,. 


The  starting  diene  hydrocarbons  (in  each  case  in  the  form  of  a  wide -boiling  mixture  of  two  isomers  with  one 
of  the  double  bonds  in  different  positions,  namely,  1,3 -dimethyl-5 -alkylcyclohexadiene -1,3  and  l-methyl-5-alkyl- 
3-methylenecyclohexene-l)  were  obtained  by  the  reaction  of  methylmagnesium  iodide  with  1 -methyl-5 -alkyl- 
cycl6hexen-l-ones-3  and  subsequent  dehydration  (by  distillation)  of  the  tertiary  cyclohexenols  formed. 
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CH.Mgl 


OH 


I^CH, 


\/ 

I 

n 


n  =  CHj.  C,H». 


Exhaustive  hydrobromination  of  the  mixture  of  isomeric  dienes  led  to  the  same  1,3 -dibromide.  The  yield  of 
l,3-dimethyl-5-alkyl-(0,l,3)*’^-bicyclohexanes  in  the  subsequent  Gustavson  reaction  was  of  theoretical,  cal¬ 

culated  on  the  starting  cyclohexadiene;  this  low  yield  was  caused  by  the  formation  [1]  of  the  starting  cyclohexadienes 
and  also  cyclohexenes  and  cyclohexanes  with  the  same  alkyl  groups  as  by-products  in  the  Gustavson  reaction.  The 
(0,l,3)-bycyclohexanes  boiled  at  much  lower  temperatures  than  these  by-product  hydrocarbons  and  therefore  were 
isolated  readily  by  distillation  of  the  reaction  products  on  a  column  of  35  theoretical  plates.  By  subsequent  distilla¬ 
tion  of  the  1,3,5 -trimethyl-  and  1,3 -dimethyl-5 -ethyl-(0, 1,3)*’® -bicyclohexanes  obtained  on  a  column  with  an  ef¬ 
ficiency  of  80  theoretical  plates,  it  was  possible  to  separate  each  of  them  into  two  stereoisomers,  a  low -boiling  one 
and  a  high -boiling  one. 


Weight  % 


Distillation  curves  of  stereoisomeric  pairs  of  hydrocarbons.  I)  1,3,5 -tri 
methyl-(0,l,3)*’®-bicyclohexane;  II)  l,3-dimethyl-5-ethyl-(0,l,3)*’®- 
bicyclohexane. 


Stereoisomers  are  normally  assigned  to  the  cis-  or  trans-series  in  accordance  with  the  Auwers-Skita  rule,  which 
states  that  the  stereoisomer  with  the  lower  constants  (boiling  point,  specific  gravity,  and  refractive  index)  has  a  trans¬ 
configuration.  The  trialkylbicyclohexanes  we  synthesized  with  the  CH3  groups  bound  by  the  "bridge"  in  the  cis-cis- 
position  may  be  regarded  as  1,3 -dialky Icy clopentanes  or  1,3 -dialky Icyclohexanes.  It  ir.  known  that  the  Auwers- 
Skita  rule  should  be  reversed  for  1,3-disubstituted  cyclohexanes  [3]  and  1,3-disubstituted  cyclopentanes  [4,  5].  Thus, 
regardless  of  whether  file  configurations  of  the  (0,l,3)-bicyclohexanes  obtained  are  regarded  as  similar  to  the  con¬ 
figurations  of  1,3 -dialky  Icy  clopentanes  cm:  1,3-dialkylcyclohexanes,  the  stereoisomers  of  the  l,3,5-trialkyl-(0,l,3)*’®- 
bicyclohexanes  with  the  lower  constants  may  be  assigned  a  cis-cis-cis  configuration  Oa  and  Ha)  in  accordance  with 
the  reversed  Auwers-Skita  rule  and  the  stereoisomers  with  the  higher  constants  may  be  assigned  a  cis-cis-trans  con¬ 
figuration  (Ib  and  nb)  (see  table). 
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Stereoisomeric  l,3,5-Trlalkyl-(0,l,3)^’®-bicyclohexaneS* 


The  stereoisomers  (a  and  b)  of  1,3,5-trimethyl-  and 
1,3 -dimethyl-5 -ethyl-(0,l,3)^’^ -bicyclohexanes  were 
isolated  in  ratios  of  1  : 1.5  and  1:1,  respectively.  A 
study  of  physical  properties  showed  that  the  differences  in 
boiling  point,  refractive  index,  and  density  of  each  pair 
of  stereoisomers  decreased  with  an  increase  in  the  molecular 
weight  as  has  been  described  for  other  series  of  cyclic  hy¬ 
drocarbons,  for  example,  1,2 -dialky Icy clopentanes  [6]. 

EXPERIMENTAL 

The  starting  1,3 -dimethyl-5 -alky Icyclohexadienes- 
1,3  (containing  the  isomeric  hydrocarbon  with  a  semi- 
cyclic  double  bond  in  each  case)  were  synthesized  by  the 
reaction  of  l,5-dimethylcyclohexen-l-one-3  and  1- 
methyl-5-ethylcyclohexen-l-one-3,  respectively,  with 
methylmagnesium  iodide  by  the  procedure  described 
previously  [2]  for  the  synthesis  of  1 -methyl -3 -alkyl - 
cyclohexadienes-1,3.  The  dienes  were  distilled  on  a 
column  of  35  theoretical  plates.  Fractions  were  collected 
over  wide  temperature  ranges. 

1,3,5 -Trimethylcyclohexadiene -1,3  (together  with 

1.5 - dimethyl-3 -methylenecyclohexene-1).  The  yield 
was  75.2f7o. 

B.p.  61-67*  (36  mm),  n^  1.4778,  d^®  0.8326.  Uter- 
ature  data  [1]:  b.p.  146-147"  (747  mm),  n^  1.4770. 

1,3  -Dimethyl -5  -ethylcyclohexadiene-1,3  (together 
with  1 -methyl-5 -ethyl-3 -methylenecyclohexene-1).  The 
yield  was  62fyo. 

B.p.  67-75“  (19  mm),  nf^  1.4776,  d^®  0.8393. 

Found  •yo:  C  87.95.  87.78;  H  11.73,  11.69.  CioHje. 
Calculated  *70;  c  88.16;  H  11.84. 

1.3.5- Trialkyl-(0,l,3)^’®-bicyclohexanes 

The  exhaustive  hydrobromination  of  the  mixture  of 

dienes  and  the  reaction  of  the  l,3-dibromo-l,3-dimethyl- 
5-alkylcyclohexanes  formed  with  zinc  dust  (in  95‘yo  al¬ 
cohol)  were  carried  out  by  the  procedures  we  described 
previously  for  the  synthesis  of  l,3-dimethyl-(0,l,3)-bi- 
cyclohexane  [1].  After  the  normal  treatment  and  distil¬ 
lation  over  sodium,  the  trialkylbicyclohexanes  obtained 
were  fractionally  distilled  on  a  column  of  35  theoretical 
plates;  each  of  them  (I  and  II)  was  isolated  as  a  wide- 
boiling  mixture  of  stereoisomers. 
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1.3,5-Trimethyl-(0,1.3)*'^  -bicyclohexane. 

B.p.  123-130*  (747  mm),  1.4370.  Literature  data  [1]:  b.p.  125-125.5*.  1.4335,  dj*  0.7994. 

From  447  g  of  1,3,5 -trimethylcyclohexadiene-1,3  we  obtained  50  g  (ll‘^)of  a  mixture  of  stereoisomeric  bi¬ 
cyclohexanes  (I). 

1.3-Dimethyl-5-ethyl-(0.1,3)^*^ -bicyclohexane  had  b.p.  153-158*  (750  mm),  n”  1.4396. 

From  413  g  of  1,3 -dimethyl-5 -ethylcyclohexadiene -1,3  we  obtained  46  g  (11*70)  of  a  mixture  of  stereoistmieric 
bicyclohexanes  (II). 

The  cyclohexenes  and  cyclohexadienes  formed  as  by-products  boiled  at  a  much  higher  temperature  tfian  the 
bicyclohexanes  and  were  separated  from  them  readily  by  distillation  (judging  by  the  Raman  spectra,  the  bicyclo¬ 
hexanes  did  not  contain  unsaturated  hydrocarbons);  the  corresponding  cyclohexanes  also  boiled  at  a  much  higher 
temperature  (a  mixture  of  stereoisomeric  1,3,5 -trimethylcyclohexanes  boils  at  137-138*  (752  mm)  [7]  and  a  mixture 
of  stereoisomeric  1,3 -dimethyl-5 -ethylcyclohexanes  boils  at  168.5-170*  (752  mm)  [8]. 

Separation  of  1,3,5-trimethyl-  and  l,3-dimethyl-5-ethyl-(0,l,3)^*^-bicyclohexanes  into  stereoisomers.  By 
distillation  of  50  g  of  a  mixture  of  stereoisomeric  l,3,5-trimethyl-(0,l,3)^’^-bicyclohexanes  on  a  column  with  an 
efficiency  of  80  theoretical  plates  at  atmospheric  pressure  (with  continuous  operation  of  the  column  for  several  days) 
we  obtained  15.9  g  (33.57o)  of  the  cis-cis-cis  isomer  and  24.3  g  (51.1*7o)  of  the  cis-cis-trans  isomer.  The  inter¬ 
mediate  fraction  weighed  7.3  g  (15.4*70). 

Distillation  of  46  g  of  the  mixture  of  stereoisomeric  l,3-dimethyl-5-ethyl-(0,l,3)^’^-bicyclohexanes  on  the 
same  column  yielded  16  g  (38.4*70)  of  the  cis-cis-cis  isomer  and  16  g  (38.4*7®)  of  the  cis-cis-trans  isomer.  The  inter¬ 
mediate  fraction  weighed  9.8  g  (23.2*70). 

The  constants  and  analysis  data  of  the  stereoisomers  isolated  are  given  in  the  table. 

The  distillation  curves  of  the  stereoisomeric  bicyclohexanes  (I)  and  (II)  are  given  in  the  figure. 

SUMMARY 

1.  Hydrocarbons  of  the  (0,l,3)-bicyclohexane  series  with  two  substituents  at  the  carbons  bound  by  the  "bridge" 
(in  the  1,3-position)  and  a  third  substituent  in  the  position  5  (l,3,5-trialkyl-(0,l,3)^’^-bicyclohexanes)  exist  in  only 
two  stereoisomeric  forms  (cis-cis-cis  and  cis-cis-trans)  as  a  result  of  the  cis -coupling  of  the  five-  and  three -mem - 
bered  rings. 

2.  The  following  1,3 -dimethyl-5 -alkyl-(0, 1,3)^’* -bicyclohexanes  were  synthesized  for  the  first  time:  the  cis- 
cis-cis  and  cis-cis-trans  isomers  of  1,3,5-trimethyl -(0,l,3)^’^-bicyclohexane  and  1,3 -dimethyl-5 -ethyl-(0,l,3)'*^- 
bicyclohexane. 

3.  The  differences  in  the  boiling  point,  refractive  index,  and  density  of  each  pair  of  stereoisomeric  bicyclo¬ 
hexanes  decreased  with  an  increase  in  the  molecular  weight. 
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AMINES  WITH  GANGLIOLYTIC  ACTIVITY 

IV.  TERTIARY  ALIPHATIC  AMINES  WITH  A  BRANCHED  CHAIN 

A.  Ya.  Khorlin,  L.  A.  Vorotnikova,  and  N.  K.  Kochetkov 

Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimli,  Vol.  31,  No.  6, 
pp.  1827-1830,  June,  1961 
Original  article  submitted  May  20,  1960 


The  high  physiological  activity  of  amines  containing  an  amino  group  at  a  tertiary  carbon  atom  in  an  alicyclic 
ring  or  in  an  aliphatic  chain  [1-3]  makes  it  extremely  interesting  and  promising  to  search  for  new  gangliolytic  agents 
in  this  series  of  compounds. 

All  the  amines  with  a  branched  chain  that  we  have  prepared  up  to  now  are  secondary  amines, as  it  was  shown 
previously  [1,  2]  that  among  analogs  of  mecamine .tertiary  and  primary  amines  have  a  lower  gangliolytic  activity 
than  secondary  amines.  At  the  same  time,  the  considerable  simplification  of  the  structure  of  the  amines,  in  which 
the  high  biological  activity  was  retained,  necessitated  a  detailed  pharmacological  study  of  tertiary  amines  of  this 
type  also.  The  report  of  Czech  authors  [3]  which  appeared  after  our  investigation  had  begun  confirmed  the  accuracy 
of  our  conclusions. 

In  connection  with  this  we  synthesized  some  tertiary  amines,  one  of  whose  radicals  contained  a  tertiary  car¬ 
bon  atom  connected  directly  to  an  amino  group.  The  synthesis  was  effected  by  the  following  general  scheme: 


na-C- 


na-C-NHCalls 


(IV) 


NHCOCH3 

(I) 


KOH 


Ra— C-NMa 

(II) 


tc 

tiJo 

oo 

a 


??522» 


H,CO 


cn. 


(V) 


ni\ 

n^-C-NlCHaJa 

/ 


n., 


(Ill) 


The  amides  (I),  which  were  obtained  by  the  reaction  of  a  tertiary  alcohol  and  acetonitrile  by  the  procedure 
we  described  previously  [2],  were  then  used  in  two  ways.  Hydrolysis  of  (I)  yielded  primary  amines  (II),  which  were 
converted  into  the  dimethyl  derivatives  (III)  by  methylation  with  a  mixture  of  formic  acid  and  formaldehyde.  As 
reported  previously  [4],  the  hydrolysis  of  acetamides  containing  a  tertiary  carbon  atom  at  the  nitrogen  requires  a 
very  long  time.  The  most  convenient  hydrolysis  procedure  was  found  to  be  boiling  the  amide  (I)  with  a  solution  of 
potassium  hydroxide  in  aqueous  ethylene  glycol;  however,  even  in  this  case  the  reaction  required  about  50-100  hr 
for  completion. 

On  the  odier  hand,  reduction  of  the  N -substituted  acetamides  (I)  with  lithium  aluminum  hydride  [2]  yielded 
secondary  amines  (IV);  by  methylation  with  a  mixture  of  formic  acid  and  formaldehyde,  die  latter  were  converted 
into  tertiary  amines  (V)  containing  three  different  radicals  and  these  were  isolated  as  the  hydrobromides. 

All  the  amines  obtained  were  tested  pharmacologically  and  showed  marked  ganglioblocking  activity  of  con¬ 
siderable  duration  together  with  low  toxicity. 

The  highest  activity  was  shown  by  amines  in  which  the  tertiary  radical  was  the  a -methylpinacolyl  (III  and  V; 
Ri  =  Rj  =  CH3,  R3  =  tert-C4H9)  or  the  triethylm ethyl  radical  (III  and  V;  Rj  =  Rg  =  Rg  =  CgHj).  Substances  containing 
ethyl  groups  together  with  methyl  groups  at  the  tertiary  carbon  (III  and  V;  Rj  =  Cg^s,  Re  =  CH3,  Rg  =  CHg  or  CgHg) 
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TABLE  1 


R-NHa 


0 

z 

0) 

£ 

Temperature 

Found  (%) 

Empirical 
formula  of 
hydro¬ 
chloride 

Calc.  (%) 

a. 

B 

(/) 

R 

2 

'u 

b.p. 

m.p.  of 

hydro- 

criloride 

N 

Cl 

N 

Cl 

1 

(Cn3);i0 
(CIl3)2(02H5)0  * 

28.5 

42-43° 

300-305° 

12..58 

32.03 

G4ll,2NGl 

GsIImNGI 

12.78 

32.37 

2 

28.5 

77-78 

234-236 

— 

28.45, 

28.63 

— 

28.67 

3 

(OIl3XC2ll5)2G 

21.3 

102-104 

292 

— 

2.5.81, 

25.67 

G«H,gNG1 

— 

25  '5 

4 

(G2n5)3G 

20.5 

132-133 

300  •• 

9.01. 

8.85 

23.33, 

23.51 

G^H.gNOl 

9.23 

23.37 

5 

(0H3)30-G(0n3)2  *** 

15 

121-122 

305—306 

23.30, 

23.40 

G7ll,8N01 

23.37 

*  Literature  data  [5]:  b.p.  77-78“, 

*  •  Sublimation  temperature. 

*  *  *  Literature  data  [3]:  b.p.  121-122“;  hydrochloride:  m.p.  305-306". 


were  less  active.  Thus,  here  we  have  rules  similar  to  those  which  we  reported  previously  for  secondary  amines  of 
the  same  type  [1,  2],  The  parallel  in  the  relation  of  the  physiological  action  to  the  structure  of  the  tertiary  radical 
between  the  secondary  and  tertiary  amines  indicates  that  purely  steric  factors  characteristic  of  compounds  with  a 
high  degree  of  branching  apparently  play  quite  a  substantial  role  in  the  intensity  and  duration  of  the  ganglioblocking 
action. 


TABLE  2 


R-N(CIl3)(R,) 


o' 

Z 


(U 

Q. 


E 


R 


CO 

CO 


1  (CHglaC 

2  {CH3)2(C2n5)C 

3  (CH3)(C2H5)2L< 

5  (GI  13)30(0113)20 


6 

7 

S 

9 


{on3K02n.,)2G 

(02115)30 

(0113)30(0113)20 


R. 


Temperature 

•/.  N 

£ 

m.p.  of 

TD 

b.p. 

hydro- 

found 

calc. 

bromide 

71.2 

106° 

214-216° 

7.13, 

7.23 

7.14 

60 

135 

161-162 

6.44, 

6.49 

6.66 

45.3 

1.59-160 

1.59-160.5 

6.02, 

6.13 

6.24 

60 

182-184 

16.5-167 

5.38, 

5.54 

5.88 

60 

173-175 

173 

5.70, 

5.81 

5.88 

32 

88-90 

238-239  • 

10.40, 

10.45 

10.17 

60 

139-140 

17.5.5-177 

6.69, 

6.60 

6.66 

60 

166 

179-181 

6.84, 

7.00 

6.24 

60 

155-1.56** 

217 

6.33, 

6.46 

6.24 

Empirical 
formula  of 
hydrobromide 


07lI,8NBr 
08ll2oNBr 
09ll22NBr 
^10^^24^  Br 
G]o((24N 
CfllljeNOl 
O8H20N  Br 
C0H22N  Br 
OoH22NBr 


*  Hydrochloride. 

*  *  Literature  data  [3]:  b.p.  155-156“;  hydrobromide;  m.p.  217“. 


EXPERIMENTAL 

tert-Alkylamines.  A  mixture  of  0.5  mole  of  N-tert-alkylacetamide  and  a  solution  of  56  g  of  potassium  hy¬ 
droxide  in  a  mixture  of  30  ml  of  water  and  400  ml  of  ethylene  glycol  was  boiled  under  reflux  for  50  hr.  The  amine 
formed  was  steam  distilled,  salted  out  from  the  distillate  with  sodium  hydroxide,  and  extracted  with  ether,  the  ether 
extracts  were  dried  over  solid  alkali,  the  solvent  was  removed,  and  the  remaining  amine  distilled.  Data  on  the 
amines  obtained  are  given  in  Table  1. 

Dimethyl -tert-alkylamines.  To  0.6  mole  of  cooled  formic  acid  were  added  0.1  mole  of  the  primary  or  secon¬ 
dary  amine  and  formalin  containing  0.3  mole  of  formaldehyde.  The  mixture  was  boiled  gently  for  8  hr.  Then  100  ml 
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of  dilute  hydrochloric  acid  (1  :  2)  was  added  and  the  mixture  evaporated  to  dryness.  The  residue  was  washed  with 
ether,  30  ml  of  40^  sodium  hydroxide  added,  and  the  free  base  extracted  with  ether.  The  extracts  were  dried  over 
solid  alkali  and  Altered,  the  solvent  was  removed,  and  the  amine  distilled.  The  hydrobromide  was  prepared  in  ab¬ 
solute  edier. 

Data  on  the  amines  obtained  and  their  hydrobromides  are  given  in  Table  2. 

SUMMARY 

1.  Tertiary  amines  with  a  branched  radical  were  prepared  by  means  of  the  Ritter  reaction  with  subsequent 
hydrolysis  or  reduction  of  the  amides  obtained  and  methylation  of  the  amines  formed. 

2.  Some  data  on  the  relation  between  the  ganglioblocking  action  and  the  structure  of  the  tertiary  amines  syn¬ 
thesized  are  discussed. 
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cover  English  translations  appears  at  the  back  of  this  issue. 
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The  searches  for  a  mild  reagent  capable  of  replacing  a  hydroxyl  group  in  monosaccharides  by  a  halogen  for 
the  synthesis  of  halodesoxy  sugars  led  us  to  use  complexes  of  triphenyl  phosphite  with  halogens  for  these  purposes  [1]. 
As  was  shown  [2],  such  complexes  are  capable  of  converting  alcohols  of  various  structures  smoothly  into  halogen 
derivatives. 

To  evaluate  this  reagent  we  made  a  more  detailed  study  of  the  reaction  of  the  complex  of  triphenyl  phosphite 
and  bromine  with  ethylene  glycol  and  some  of  its  derivatives  and  glycerol.  The  reaction  of  the  complex  (C6H50)5PBr2 
with  ethylene  glycol  under  the  conditions  used  in  our  laboratory  previously  for  diacetoneglucose  [1],  i.e.,  in  an¬ 
hydrous  benzene  at  room  temperature,  gave  dibromoethane  smoothly  and  in  high  yield. 

2(C6n50)3PHr2  +  IlOCIIaCIIaOH  — *  BrCIIaCIIaBr  +  CellsOII  -f  (C„HsO)2POBr 

However,  the  application  of  this  reaction  to  ethylene  glycol  derivatives,  namely,  methyl  cellosolve  and  the 
monoacetate,  which  are  most  interesting  as  the  groups  CH3O  and  CH3COO  are  functions  encountered  frequently  in 
carbohydrate  chemistry,  gave  a  somewhat  different  result.  In  the  case  of  ethylene  glycol  monoacetate,  the  ccwre  - 
spending  bromide  was  obtained  in  a  substantially  lower  yield  (24'7o);  at  the  same  time  it  is  interesting  to  note  that 
the  group  CH3COO  was  retained  under  the  reaction  conditions. 

In  the  case  of  methyl  cellosolve,  the  corresponding  reaction  product  was  obtained  in  even  lower  yield 
and,  in  addition,  it  was  observed  that  quite  a  considerable  amount  of  ethylene  glycol  bromohydrin  (22f7o)  was  formed 
in  addition  to  l-bromo-2-methoxyethane. 

We  considered  that  the  bromohydrin  was  formed  not  during  the  reaction,  but  during  the  isolation  of  the  1-bromo 
2 -methoxy ethane  formed;  the  methyl  group  was  eliminated  as  a  result  of  heating  to  a  sufficiently  high  temperature 
in  the  presence  of  the  hydrogen  bromide  present  in  the  reaction  mixture.  Special  experiments  were  carried  out  to 
check  this  hypothesis.  The  reaction  was  carried  out  in  the  normal  way,  but  before  distillation,  the  reaction  mixture 
was  washed  with  water  12-15  times  until  neutral  (washing  with  3^o  sodium  hydroxide  produced  strong  tar  formation 
and  the  formation  of  a  complex  mixture  of  substances).  As  a  result  of  this  experiment  we  obtained  only  2-bromo- 
1 -methoxyethane  in  14*70  yield  and  did  not  detect  even  traces  of  the  bromohydrin.  At  the  same  time,  the  distilla¬ 
tion  of  an  authentic  sample  of  1-bromo -2 -methoxyethane  in  the  presence  of  gaseous  hydrogen  bromide  yielded 
only  part  of  the  2 -bromo-1 -methoxyethane,  while  more  than  half  of  the  latter  was  converted  to  the  bromohydrin. 
These  data  show  that  the  elimination  of  the  methoxy  group  in  all  probability  occurred  as  the  result  of  the  action  of 
hydrogen  bromide  at  a  high  temperature. 

A  low  yield  of  reaction  product  was  also  obtained  in  the  reaction  of  the  complex  (C6H50)3PBr2  with  glycerol 
(137o)  and  in  this  case  the  1,2,3 -tribromopropane  obtained  could  not  be  purified  completely. 

Negative  results  were  obtained  in  the  reaction  of  the  triphenyl  phosphite -bromine  complex  with  diethylene 
glycol  and  the  monophenyl  ether  of  glycerol. 

Thus,  it  can  be  stated  that  although  the  possibility  of  replacing  a  hydroxyl  in  polyhydroxyl  compounds  by  a 
halogen  by  the  action  of  complexes  of  triphenyl  phosphite  with  halogens  exists  in  principle,  the  preparative  use  of 
the  reaction  in  this  field  and  also  in  the  field  of  carbohydrates  is  difficult.  This  is  connected  both  with  the  difficulty 
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of  isolating  the  reaction  products  and  with  side  processes:  the  removal  of  protecting  groups  from  neighboring  hydroxyls 
and  the  possible  phosphorylation  of  the  starting  glycols  [3].  At  the  same  time,  the  results  of  the  reaction  with  ethylene 
glycol  and  the  mildness  of  the  conditions  of  this  reaction  indicate  that  it  has  interesting  possibilities  in  specific  cases. 

EXPERIMENTAL 

Dlbromoe thane.  To  130  g  of  dry  triphenyl  phosphite  in  100  ml  of  absolute  benzene  was  added  68  g  of  dried 
bromine  over  a  period  of  2  hr  with  cooling  and  vigorous  stirring,  the  mixture  stirred  for  a  further  2  hr,  and  then  10  g 
of  dry  ethylene  glycol  added  very  slowly  with  cooling  to  the  complex  obtained.  The  mixture  was  left  overnight  and 
then  fractionated  to  give  dibromoethane  in  a  yield  of  20,8  g  (69^o). 

B.  p.  130-132*,  np  1.5375.  Literature  data  [4]:  b.p.  131.7*,  n*j5  1.5378. 

l-Bromo-2-methoxyethane.  a)  A  complex  was  prepared  from  120  g  of  triphenyl  phosphite  and  60  g  of  bromine 
as  described  above.  Then  27.5  g  of  distilled  methyl  cellosolve  was  added  with  cooling.  On  the  following  day  the  re¬ 
action  mixture  was  washed  with  water  12-15  times  until  neutral,  the  benzene  layer  dried  and  distilled,  and  a  frac¬ 
tion  with  b.p.  105-115’  collected.  A  second  fractionation  yielded  6.9  g  (14*70)  of  l-bromo-2-methoxyethane. 

B.p.  111-111.5*,  np  1.4518.  Literature  data  [5]:  b.p.  111.4*,  nf^  1.4517. 

b)  To  the  complex  obtained  from  80  g  of  triphenyl  phosphite  and  40  g  of  bromine  was  added  19  g  of  distilled 
methyl  cellosolve  with  cooling  and  the  mixture  left  overnight.  On  the  following  day  the  mixture  was  distilled  directly 
(without  preliminary  washing  with  water).  The  fractionation  yielded  6.4  g  (18.5*Vo)  of  l-bromo-2-methoxyethane 
(b.p.  109-111*,  np  1.4527)  and  3.7  g  (22*7o)  of  ethylene  glycol  bromohydrin  (b.p.  149-155*,  1.4932).  Literature 

data  [7]:  b.p.  150.3*,  Up  1.4915. 

Acetate  of  2-bromoethanol.  To  the  complex  obtained  from  48  g  of  triphenyl  phosphite  and  24  g  of  bromine  was 
gradually  added  16  g  of  ethylene  glycol  monoacetate  with  stirring  and  the  mixture  left  overnight.  The  reaction  mix¬ 
ture  was  then  washed  5-6  times  with  a  dilute  solution  of  sodium  bicarbonate  and  3-4  times  with  water.  The  organic 
layer  was  dried  and  distilled  and  a  fraction  with  b.p.  159-165*  collected.  Re  fractionation  yielded  6.3  g  (24.1^o)  of  the 
acetate  of  2-bromoethanol. 

B.p.  160-162*,  np  1.5190.  Literature  data  [6]:  b.p.  161-164*,  np  1.5140. 

1,2,3 -Tribromopropane.  To  the  complex  obtained  from  250  g  of  triphenyl  phosphite  and  128  g  of  bromine  in 
150  ml  of  dry  benzene  was  gradually  added  25  g  of  anhydrous  glycerol  with  cooling  and  the  mixture  left  overnight. 
The  reaction  mixture  was  washed  several  times  with  sodium  carbonate  solution  and  then  with  water.  Vacuum 
distillation  yielded  11.5  g  (13. 7*70)  of  1,2,3 -tribromopropane  which  was  not  quite  pure. 

B.p.  101-104*  (16  mm),  np  1.5656.  Literature  data  [8]:  b.p.  219-221*,  100-103*  (18  mm),  np  1.584, 

SUMMARY 

It  was  shown  that  the  complex  of  tiiphenyl  phosphite  with  bromine  reacts  with  ethylene  glycol  and  some  of  its 
derivatives  and  glycerol  with  replacement  of  hydroxyl  groups  by  bromine  atoms. 
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In  searches  for  anesthetics  fulfilling  modern  requirements,  a  whole  series  of  esters  of  phenylalkylaminoalkanols 
of  the  general  structure  (I)  were  synthesized  previously.  In  an  attempt  to  elucidate  the  connection  between  the  struc¬ 
ture  of  these  compounds  and  their  physiological  activity,  we  studied  the  effect  on  this  activity  of  the  number  of 
methylene  groups  [5]  and  the  structure  of  the  alkyl  (R)  [2]  and  acyl  radicals  (R')  [1-5]  and  also  the  effect  of  substitu¬ 
tion  of  one  and  two  methyl  groups  in  the  alkyl  chain  [3,  4]. 

The  question  arose  as  to  the  role  of  the  phenyl  radical  and  the  extent  of  its  participation  in  the  anesthetic 
effect,  which  many  of  the  compounds  we  synthesized  showed.  To  solve  this  problem  it  was  decided  to  synthesize  the 
cyclohexyl  analogs  of  phenylalkylaminopropanols  and  to  determine  the  effect  of  replacing  the  aromatic  by  an  ali- 
cyclic  radical  on  the  physiological  activity  of  the  esters  of  these  compounds  (II). 


1  II 

/\ 

1  II 

R/ 

^OCOR' 

\ 

(CHa)- 

M  OCOR- 

r/  \cH2 

1 

/N< 

R"/ 

/ 

\r" 

CH2 

/Nv 

CH3/  \CII3 

(1) 


where  «  =  i.  2,  3 


(II) 


The  present  article  gives  a  description  of  the  methods  of  synthesis  and  the  chemical  properties  of  the  new  com 
pounds  of  this  series  and  also  the  results  of  preliminary  pharmacological  tests. 

The  esters  of  aminopropanols  required  for  the  synthesis  were  obtained  by  scheme  1. 
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•  Work  begun  during  the  life  of  Academician  I.  N.  Nazarov. 
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The  preparation  of  the  amino  ketone  (V)  from  cyclohexyl  methyl  ketone  (IV)  has  been  described  in  the  liter¬ 
ature,  but  no  direct  demonstrations  of  its  structure  were  given  [6].  We  carried  out  a  confirmatory  synthesis  of  1 -methyl 
1 -cyclohexyl -3 -dimethylaminopropanol-1  (VI,  R  =  CHs)  by  scheme  2. 

Scheme  2 

CllaCOCIIr,  CH3COCH2GH2N(CH3)2  r  =  ch,). 

The  products  obtained  by  the  main  and  confirmatory  routes  were  identical. 

The  secondary  amino  alcohol  (VI,  R  =  H)  was  obtained  in  satisfactory  yield  by  hydrogenation  of  the  hydro¬ 
chloride  of  the  amino  ketone  (V)  in  the  presence  of  a  relatively  large  amount  of  a  skeletal  nickel  catalyst  (1  :  1  on 
the  weight  of  the  substance  hydrogenated). 

In  the  preparation  of  1 -methyl-1 -cyclohexyl -3 -dimethylaminopropanol-1  (VI,  R=  CH3)by  the  Grignard  reac¬ 
tion,  we  encountered  enolization  of  the  amino  ketone  base  (V)  taken  for  the  reaction.  An  analogous  result  was  ob¬ 
tained  in  the  reaction  of  the  amino  ketone  with  methyllithium.  The  enolization  could  be  reduced  partially  by  the 
use  of  the  amino  ketone  hydrochloride  instead  of  the  base  in  the  Grignard  reaction.  In  this  case  the  desired  reaction 
product  could  be  obtained  in  32^o  yield. 

In  die  case  of  the  next  homolog,  1-ethyl  -l-cyclohexyl-3 -dimethylaminopropanol-1  (VI,  R  =  C2H5),  we  en¬ 
countered  another  type  of  difficulty.  The  product  was  not  obtained  in  a  pure  form  (somewhat  low  molecular  refrac¬ 
tion)  even  after  purification  as  the  hydrochloride  and  reconversion  to  the  base,  though  the  hydrochlorides  of  deriva¬ 
tives  (benzoate  and  phenoxy acetate)  were  obtained  in  good  yield  and  with  satisfactory  analytical  purity. 

The  amino  alcohols  obtained  were  acylated  in  the  usual  way  with  a  1.5-2  fold  excess  of  the  appropriate  acid 
chloride  in  dry  benzene.  These  reactions  proceeded  without  difficulty.  The  only  exceptions  were  attempts  to  prepare 
the  ester  of  S-phenylthiogly colic  acid  and  l-ethyl-l-cyclohexyl-3-dimethylaminofH:opanol-l  (VI,  R=  C2H5),  which 
led  to  the  hydrochloride  of  the  starting  amino  alcohol  several  times  and  did  not  give  the  desired  product. 

The  hydrochlorides  of  the  esters  and  their  yields  and  constants  are  given  in  the  table. 

Some  of  the  ester  hydrochlorides  we  synthesized  (3-6  in  the  table)  were  tested  for  local  anesthetic  activity.* 

The  anesthesia  index  of  the  most  active  of  them  in  5*1o  aqueous  solution  equaled  470,  while  the  anesthesia  index  of 
the  compounds  containing  a  phenyl  nucleus  we  synthesized  previously  equaled  1300  even  in  O.^o  aqueous  solution, 
i.e.,  similar  to  dicaine  [3]. 

EXPERIMENTAL 

The  starting  1-ethynylcyclohexanol-l  was  prepared  by  Favorskii’s  method  [7]  and  then  converted  to  cyclo- 
hexenyl  methyl  ketone  (III)  by  the  action  of  acetic  and  sulfuric  acids  [8]. 

Cyclohexyl  methyl  ketone  [9]  (IV).  A  49.6  g  sample  of  cyclohexenyl  methyl  ketone  (b.p.  88-93°  at  22  mm, 
np  1.4898)  in  20  ml  of  anhydrous  alcohol  was  hydrogenated  in  the  presence  of  2.5  g  of  a  skeletal  nickel  catalyst  at 
room  temperature.  After  30  hr,  0.38  mole  of  hydrogen  had  been  absorbed.  The  catalyst  was  removed  by  filtration, 
the  alcohol  evaporated,  and  the  residue  vacuum  distilled.  We  obtained  43.3  g  (89. l*7(v  calculated  on  the  amount  of 
hydrogen  absorbed)  of  cyclohexyl  methyl  ketone  with  b.p.  75-77*  (23  mm),  1.4520. 

Cyclohexyl -d-dimethylaminoethyl  ketone  [6]  (V).  A  mixture  of  74.6  g  of  cyclohexyl  methyl  ketone,  50.0  g  of 
dimethylamine  hydrochloride,  and  34.1  g  of  paraformaldehyde  in  175  ml  of  alcohol  was  boiled  under  reflux  for  37  hr 
in  the  presence  of  6  ml  of  concentrated  hydrochloric  acid.  The  alcohol  was  removed  under  reduced  pressure,  the 
residual  semisolid  mass  washed  several  times  with  absolute  ether  and  then  dissolved  in  20^o  sodium  hydroxide  so¬ 
lution,  the  liberated  base  extracted  with  ether  and  dried  with  baked  sodium  sulfate,  the  eftier  removed,  and  the 
residue  vacuum  distilled.  We  obtained  71.6  g  (66.S7o)  of  cyclohexyl  0 -dimethylaminoethyl  ketone  with  b.p.  86-90° 
(1.5  mm),  ng  1.4685. 

The  carefully  purified  hydrochloride  melted  at  159-159.5°  [6]  (from  acetone). 

1 -Cyclohexyl -3 -dimethylaminopropanol-1  (VI,  R=  H).  A  5.0  g  sample  of  cyclohexyl  -0  -dimethylaminoethyl 
ketone  hydrochloride  was  hydrogenated  in  100  ml  of  anhydrous  alcohol  in  the  presence  of  5.0  g  of  skeletal  nickel 

•  The  investigations  were  carried  out  in  the  pharmacology  department  of  the  Tbilisi  Zootechnical  and  Veterinary 
Institute. 
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Esters  of  the  General  Formula 
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catalyst  at  room  temperature.  After  10  hr,  0.025  mole  of  hydrogen  had  been  absorbed.  The  catalyst  was  removed 
by  filtration,  the  alcohol  evaporated,  and  the  residue  vacuum  distilled.  We  obtained  2.75  g  (65.1*70)  of  1-cyclohexyl- 
3  -dimethy  lam  inopropanol  - 1 . 

B.p.  85-87'  (1.5  mm),  n^  1.4725,  d*4®  0.0257,  MR^  56.10;  calc.  56.26. 

Found  C  70.92,  71.05;  H  12.80,  12.48;  N  7.29,  7.44.  C11H23ON.  Calculated <70 ;  C  71.29;  H  12.51;  N  7.56. 

The  hydrochloride  melted  at  154-155'  (from  a  mixture  of  acetone  and  alcohol). 

Found  *70:  C  59.85,  59.44;  H  10.78,  10.84;  N  6.26,  6.16.  CnUzPNCl.  Calculated  *70 ;  C  59.57;  H  10.91;N6.32. 

Enzolizatioii  of  cyclohexyl -0 -dimethylaminoethyl  ketone  (V).  A  solution  of  10.0  g  of  cyclohexyl-6 -dimethyl- 
aminoethyl  ketone  in  20  ml  of  absolute  ether  was  added  gradually  with  stirring  to  the  Grignard  reagent  from  14.2  g 
of  methyl  iodide,  2.5  g  of  metallic  magnesium,  and  30  ml  of  absolute  ether,  which  was  cooled  with  ice  and  salt  and 
contained  in  an  apparatus  isolated  from  the  atmosphere  and  connected  to  a  gasometer.  The  volume  of  gas  liberated 
during  this  reaction  was  measured  in  the  gasometer  and  equaled  1280  ml  (23',  750  mm),  which  corresponds  to  94.5^7® 
enolization.  Analysis  showed  that  the  gas  liberated  contained  methane. 

On  the  next  day  the  reaction  mixture  was  decomposed  with  crushed  ice  and  acidified  to  Congo  with  cooled 
hydrochloric  acid  (1  :  1),  the  neutral  products  were  extracted  with  ether,  the  aqueous  layer  was  made  alkaline  with 
sodium  carbonate,  and  the  liberated  base  extracted  with  ether.  The  ether  extracts  of  the  basic  jaroducts  were  dried 
with  baked  sodium  sulfate,  the  ether  was  removed,  and  the  residue  vacuum  distilled.  We  recovered  6.8  g  of  cyclo¬ 
hexyl-6 -dimethylaminoethyl  ketone  with  b.p.  75-78'  (1  mm),  n^  1.4690. 

l-Methyl-l-cyclohexyl-3-dimethylaminopropanol-l  (VI,  R  =  CH3).  a)  From  cyclohexyl-6 -dimethylamino- 
cthyl  ketone.  To  the  Grignard  reagent  from  26.0  g  of  methyl  iodide,  4.45  g  of  metallic  magnesium,  and  50  ml  of  ab¬ 
solute  ether  cooled  to  0'  was  gradually  added  10.0  g  of  cyclohexyl-6 -dimethylaminoethyl  ketone  hydrochloride  (m.p. 
153-155')  with  stirring.  When  the  hydrochloride  had  been  added  cooling  was  stopped  and  the  reaction  mixture  heated 
to  26-27'  and  stirred  for  1.5  hr.  The  next  day  the  reaction  mixture  was  stirred  for  a  further  hour  at  30-32'.  The 
normal  treatment  yielded  2.9  g  (31.8*7®)  of  l-mcthyl-l-cyclohexyl-3-dimethylaminopropanol-l  with  b.p.  81.5-83' 

(1  mm).  The  liquid  crystallized  on  standing  to  form  colorless  crystals  with  m.p.  50-52'. 

The  hydrochloride  melted  at  165-167“  (from  a  mixture  of  acetone  and  alcohol).  The  hydrochloride  of  the 
benzoate  melted  at  195-196'. 

b)  From  methyl -6 -dimethylaminoethyl  ketone.  A  solution  of  14.0  g  of  freshly  distilled  methyl-6 -dimethyl- 
aminoethyl  ketone  (b.p.  59-60'  at  20  mm,  np  1.4270)  in  20  ml  of  absolute  ether  was  added  gradually  with  stirring 
to  the  Grignard  reagent  from  39.5  g  of  cyclohexyl  bromide  (b.p.  79-81'  at  48-50  mm,  np  1.4955),  6.0  g  of  metallic 
magnesium,  and  60  ml  of  absolute  ether  cooled  with  ice  and  salt.  Stirring  and  cooling  were  continued  for  1  hr.  On 
the  next  day  the  reaction  mixture  was  stirred  for  a  further  1.5  hr.  Decomposition  and  the  normal  treatment  yielded 
1.1  g  (14,1*7®)  of  l-methyl-l-cyclohexyl-3-dimethylaminopropanol-l  with  b.p.  80-81'  (1  mm).  The  liquid  crystal¬ 
lized  as  colorless  crystals  with  m.p.  49-50'. 

Found  *7®:  N  7.25,  6.93.  Number  of  0.91.  C12H25ON.  Calculated  *7®:  N  7.03.  Number  of  1. 

The  hydrochloride  melted  at  165-166.5'  (from  a  mixture  of  acetone  and  alcohol);  a  mixed  melting  point  with 
the  hydrochloride  obtained  by  the  previous  method  (see  "a")  was  not  depressed. 

Found  *7®:  C  60.89,  60.98;  H  11.07,  10.92;  N  5.59,  5.54.  C^HaeONCl.  Calculated  *7®:  C  61.12;  H  11.11;  N  5.94. 

The  hydrochloride  of  the  benzoate  melted  at  195-196';  a  mixed  melting  point  of  the  hydrochloride  of  the  ben¬ 
zoate  of  die  amino  alcohol  described  in  "a"  was  not  depressed. 

1 -Ethyl -1 -cyclohexyl -3 -dimethy laminopropanol-1  (VI,  R  =  QH5).  To  the  Grignard  reagent  from  22.5  g  of 
ethyl  bromide,  5.0  g  of  metallic  magnesium,  and  60  ml  of  absolute  ether  cooled  with  iced  water  was  gradually  added 
10.0  g  of  cyclohexyl  -6 -dimethylaminoethyl  ketone  hydrochloride  (m.p.  153-155')  with  stirring.  The  mixture  was 
then  stfrred  for  a  further  hour  with  heating  (gentle  boiling  of  the  ether).  The  next  day  the  reaction  mixture  was  kept 
under  the  same  conditions  fcx  0.5  hr  and  then  decomposed  with  cooling.  The  normal  treatment  yielded  2.65  g  (27.1*7®) 
of  1-ethyl-l -cyclohexyl-3 -dimethy  laminopropanol-1. 

B.p.  66-68.5'  (1  mm),  ng  1.4742,  d*®  0.9241,  MR^  64.91;  calc.  65.50. 
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Found C  73.12,  73.27;  H  12.33,  12.48;  N  6.96,  7.11.  Number  of  0.9.  CbHjtON.  Calculated 
C  73.18;  H  12.75;  N  6.57.  Number  of  H^ct  1. 

The  hydrochloride  melted  at  116.5-118*  (from  acetone). 

Found *^1):  C  62.49;  H  10.89;  N  5.28,  5.37.  CaF^aONCl.  Calculated*^:  C  62.41;  H  10.93;  N  5.61. 

The  esters  of  the  amino  alcohols  (see  table)  were  obtained  as  the  hydrochlorides  directly  during  die  reaction. 

A  typical  example  of  their  synthesis  is  given. 

Hydrochloride  of  the  phenoxyacetate  of  1 -cyclohexyl-3 -dimethylaminopropanol-1  (II,  R  =  H;  R*  =  CgHsOCH;). 
To  a  solution  of  1.18  g  of  1 -cyclohexyl -3 -dimethylaminopropanol-1  in  3.5  ml  of  dry  benzene  was  gradually  added 
2.48  g  of  phenoxyacetyl  chloride  with  cooling.  The  reaction  mixture  rapidly  solidified.  After  3  days  the  excess  acid 
chloride  was  removed  by  washing  with  absolute  ether  and  the  residue  recrystallized  from  acetone.  We  obtained  1.84  g 
(81*Vo)  of  the  hydrochloride  of  the  phenoxyacetate  of  1 -cyclohexyl-3 -dimethylaminopropanol-1  (see  table  substance  1). 

SUMMARY 

1.  Three  amino  alcohols  and  their  esters  which  have  not  been  described  previously  were  synthesized; 

a)  1 -Cyclohexyl -3 -dimethylaminopropanol-1  and  Its  phenoxyacetate; 

b)  l-Methyl-l-cyclohexyl-3-dimethylaminopropanol-l  and  its  benzoate,  phenoxyacetate,  phenoxypropionate, 
S-phenylthioglycolate,  and  cinnamate; 

c)  l-Ethyl-l-cyclohexyl-3-dimethylaminopropanol-l  and  its  benzoate  and  phenoxyacetate. 

2.  It  was  shown  that  methylmagnesium  iodide  has  an  enolizing  effect  on  cyclohexyl-fl  -dimethylaminoethyl 
ketone  and  as  a  result  of  this  it  was  not  possible  to  convert  the  latter  into  the  corresponding  tertiary  amino  alcohol. 
However,  the  action  of  the  given  Grignard  reagent  on  the  amino  ketone  hydrochloride  gave  1-methyl-l-cyclohexyl- 
3 -dimethylaminopropanol-1  in  32*70  yield. 
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SYNTHESIS  OF  THE  ACETATES  OF  3 , 8 -D  IMET  H  YLDE  C  AD  I YNE - 
4,6-DIOL-3,8  AND  D  I(  1  -  H  YDROX  YC  YCLOPE  NT  YL)BUT  AD  I Y  NE - 
1,3  AND  THEIR  CATALYTIC  HYDROGENATION 

A.  I.  Nogaidell  and  G.  M.  Gonadze 
Tbilisi  State  University 

Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  31.  No.  6, 

pp.  1838-1843,  June,  1%1 

Original  article  submitted  July  6,  1960 

In  previous  work  we  described  the  synthesis  and  catalytic  hydrogenation  of  acetates  of  2,7-dimethyloctadiyne- 
3,5-diol-2,7  [l]and  di(l -hydroxy cyclohexyljbutadiyne -1,3  [2]. 

It  was  established  that  the  hydrogenaticm  of  the  diacetate  of  2,7-dimethyloctadiyne-3,5-diol-2,7  in  the  presence 
of  platinum  black  and  collodial  palladium  with  the  addition  of  8  hydrogen  atoms  forms  the  acetate  of  the  saturated 
alcohol  and  the  diacetate  of  the  saturated  glycol,  while  the  diacetylene  ester  is  capable  of  adding  a  total  of  5  hy¬ 
drogen  molecules  with  the  formation  of  only  the  acetate  of  the  saturated  alcohol. 

It  was  established  diat  the  hydrogenation  of  the  diacetate  of  di(hydroxycyclohexyl)butadiyne-l,3  in  the  presence 
of  platinum  black  and  colloidal  palladium  with  the  addition  of  8  hydrogen  atoms  fcnrms  the  saturated  hydrocarbon,  the 
acetate  of  the  saturated  alcohol,  and  the  diacetate  of  the  saturated  glycol.  The  diacetylene  ester  is  capable  of  adding 
a  total  of  6  hydrogen  molecules  with  the  formation  of  only  the  saturated  hydrocarbon. 

In  the  present  work  we  synthesized  tfie  acetates  of  3,8-dimethyldecadiyne-4,6-diol-3,8  (I)  and  di(l-hydroxy- 
cyclopentyl)butadiyne-l,3  (II)  and  studied  their  catalytic  hydrogenation. 

OCOCH,  OCOCH3 

I  I 

CjH5-C-C=C-C=C-C-C2H5 

I  I 

CH3  (I)  CH3 

It  was  found  that  if  ^e  hydrogenation  of  the  diacetate  (1)  in  the  presence  of  colloidal  palladium  and  platinum 
black  was  stopped  after  the  addition  of  8  hydrogen  atoms,  the  product  consisted  mainly  of  the  two  following  substances: 
the  acetate  of  3,8-dimethyldecanol-3  (III)  and  the  diacetate  of  3,8-dimethyldecanediol-3,8  (IV).  We  also  isolated 
very  small  amounts  of  the  starting  diacetylene  ester  and  acetic  acid. 

OCOCH3 

C2H5-C-(CH2)4-CH-C2H5 

I  I 

CH3  CH3 

(HI) 

OCOCH3  OCOCH3 
C2H6-(!:-(CH2)4-i-C,H5 

CH3  (!:h3 

(IV) 

In  the  presence  of  platinum  black,  the  diacetylene  ester  was  capable  of  adding  a  total  of  10  hydrogen  atoms 
with  a  gradual  decrease  in  the  hydrogenation  rate  and  the  formation  of  only  the  acetate  of  the  saturated  alcohol  (III). 
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If  the  hydrogenation  of  the  diacetate  (II)  in  the  presence  of  colloidal  palladium  was  stopped  after  the  addition 
of  8  hydrogen  atoms,  two  substances  were  obtained:  1,4-dicyclopentylbutane  (V)  and  die  diacetate  of  l,4-dl-(l- 
hydroxycyclopentyl)butane  (VI). 

OCOCH3  OCOCHj 

I  ^CH-(CH2)4-CH^^  I  I  ^(l-(Clla)4-C<(  I 

(V)  (VI) 

We  also  isolated  the  starting  diacetylene  ester  and  acetic  acid. 

In  the  presence  of  platinum  black,  the  diacetylene  ester  (II)  was  capable  of  adding  a  total  of  12  hydrogen  atoms 
with  the  formation  of  only  the  saturated  hydrocarbon  (V). 

Thus,  it  was  found  that  in  hydrogenation  both  in  the  presence  of  colloidal  palladium  and  the  presence  of  platinum 
black,  the  diacetylene  ester  (II)  not  only  adds  hydrogen  at  the  triple  bond,  but  also  undergoes  replacement  of  the  ester 
groups  by  hydrogen. 

All  the  diacctylene  esters  containing  radicals  with  an  open  chain  behave  similarly  during  hydrogenation.  Their 
hydrogenation  may  be  illustrated  by  the  general  scheme  1. 


Sche  me  1 


OCOCH, 


OCOCH3 

•K  I  I  /H 

C=C— C=G—  cc 


n 


'\n' 


OCOCHa  OCOCII3 

I  I 

n-c— (CH2)4— c— « 

I  I 

w  i\ 


OCOCU3 

I 

n-c— (CHj)!— cii— n 
I  I 

H  U 


R  =  CH„  c,u,  etc. 


TABLE  1 


Catalyst 

Amount  of  hydrogen  (ml)  added  after  3 -min  intervals 

Colloidal  Pd  (18  mg) 

180,  115,  83,  69,  53,  57,  43,  40,  35,  25,  22,  24,  20, 

19,  25;  remaining  187  ml  in  1  hr.  Total  of  987  ml 
after  1  hr  45  min.  Calculated  987  ml  (4H2) 

Pt  black  (750  mg) 

85,  45,  40,  35,  50,  30,  40,  40,  30,  30,  30,  25,  25,  30, 

25,  25;  remaining  550  ml  in  84  min.  Total  of 

1135  ml  after  2  hr  12  min.  Calculated  1135  ml 
(5H2) 

A  study  of  the  hydrogenation  of  diacetylene  esters  with  cyclic  radicals  showed  that  under  identical  conditions, 
they  are  hydrogenated  more  rapidly  than  the  above  diacetylene  esters  with  an  open  chain.  In  the  given  case  there  is 
not  only  hydrogenation  of  the  triple  bond,  but  also  replacement  of  both  ester  groups  by  hydrogen  with  the  formation 
of  saturated  hydrocarbons  with  cyclic  radicals. 

For  diacetylene  esters  with  cyclic  radicals,  hydrogenation  proceeds  according  to  scheme  2. 

It  should  be  pointed  out  that  in  the  hydrogenation  of  the  diacetate  of  di(l-hydroxycyclopentyl)butadiyne-l,3, 
the  acetate  of  the  saturated  carbinol  was  not  isolated,  probably  because  of  rapid  reduction  of  the  ester  of  the  saturated 
carbinol  to  the  hydrocarbon. 


1719 


Our  investigations  with  diacetylene  esters  show  that  the  rate  of  hydrogenation  of  acetates  in  the  presence  of 
colloidal  palladium  decreases  with  an  increase  in  the  molecular  weight  and  elaboration  of  the  molecule.  For  example, 
in  die  first  case,  replacement  of  methyl  by  ethyl  radicals  and  in  the  second  place,  replacement  of  hydroxy  cyclo¬ 
pentyl  by  hydroxycyclohexyl  radicals  decreases  the  hydrogenation  rate. 


Scheme  2 

OCOCH3  OCOCU3 

-\  I  I  y - \ 


OCOCII3  OCOCH3 


\. 


C-(Cll2)4-C<^ _ \ 

OCOCII3 


\ 


■\ 


cir-(cii2)4_cH<^  ^ 


_ )>C-(CH2)4-CH/ 


In  order  to  compare  the  hydrogenation  rates  of  diacetylene  esters  with  the  hydrogenati(Xi  rates  of  the  corre¬ 
sponding  diacetylene  glycols,  we  hydrogenated  2,7-dimethyloctadiyne-3,5-diol-2,7,  3,8-dimethyldecadiyne-4,6- 
diol-3,8,  di(l-hydroxycyclopentyl)butadiyne-l,3,  and  di(l-hydroxycyclohexyl)butadiyne-l,3  under  the  same  con¬ 
ditions  and  as  a  result,  established  that  diacetylene  esters  are  hydrogenated  more  rapidly  than  the  ewresponding 
glycols  in  the  presence  of  colloidal  palladium. 

Thus,  it  was  shown  that  replacement  of  hydroxyl  hydrogens  by  acetyl  groups  increases  the  hydrogenation  rate 
despite  the  increase  in  molecular  weight. 

In  contrast  to  ditertiary  acetate  of  acetylene  y  -glycols  [3],  ditertiary  diacetylene  acetates  are  hydrogenated 
more  rapidly  than  the  corresponding  glycols,  which  indicates,  on  the  one  hand,  a  decrease  in  the  screening  of  the 
triple  conjugated  systems  in  the  diacetylene  esters,  and  on  the  other  hand,  the  activating  action  of  the  ester  groups 
on  hydrogenation.  At  the  same  time,  it  must  be  assumed  that  the  simultaneous  reductions  of  the  multiple  bonds  and 
ester  groups  involves  an  increase  in  the  hydrogenation  rate. 

The  diacetylene  esters  absorbed  30-6^70  of  the  hydrogen  in  the  first  5  min  in  the  presence  of  colloidal  palladium, 
while  this  phenomenon  was  not  observed  in  the  presence  of  platinum  black. 

EXPERIMENTAL 

Synthesis  of  the  acetate  of  3,8-dimethyldecadiyne-4,6-diol-3,8  (I).  A  mixture  of  5  g  of  the  glycol  (nup. 
80-81°),  20  g  of  acetic  anhydride,  and  0.5  g  of  anhydrous  sodium  acetate  was  heated  under  reflux  on  an  oil  bath  at 
160-170°  for  6  hr;  the  reaction  mixture  was  then  treated  as  previously  [1],  We  obtained  4  g  (56®/o)  of  a  clear,  im¬ 
mobile  liquid  with  a  slightly  yellowish  color  and  an  aromatic  odw. 

B.p.  150-152°  (4-5  mm),  d^®  1.0225,  np  1.4940,  MR^,  79.09;  calc.  75.39. 

Found  *70;  C  69,20,  69.27;  H  7.93,  7.99.  M  280.  C16H22O4.  Calculated  *70;  C  69.09;  H  7.90;  M  278. 

A  test  for  active  hydrogen  by  the  Chugaev-Tserevitinov  method  gave  a  negative  result. 

Hydrolysis  of  the  ester  yielded  the  starting  glycol  with  m.p.  80-81*. 

Hydrogenation  of  the  acetate  of  3,8-dimethyldecadiyne-4,6-diol-3,8.  A  solution  of  2.78  g  of  the  ester  in 
50  ml  of  alcohol  was  used.  The  colloidal  palladium  was  prepared  as  described  previously  [1].  The  hydrogenation 
results  are  given  in  Table  1. 

After  appropriate  treatment,  the  product  from  hydrogenation  over  Pd  was  vacuum  distilled.  The  normal  treat¬ 
ment  yielded  the  following  substances:  1.75  g  (38.5(77o)  of  (III)  with  b.p.  96-98°  (4-5  mm)  and  2.53  g  (44.3*70)  of  (IV) 
with  b.p.  120-122°  (4-5  mm).  Two  parallel  experiments  were  carried  out  and  these  gave  analogous  results. 
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TABLE  2 

Catalyst  Amount  of  hydrogen  (ml)  added  after  5  min  intervals 

Colloidal  Pd  (5  mg)  700,  210,  70,  30,  28,  19,  18;  remaining  5  ml  in  12  min.  Total 

of  1080  ml  after  37  min.  Calculated  1080  ml  (4H2) 

Pt  black  (1000  mg)  145,  125,  108  ,  92  ,  70,  95,  75,  78  ,  72  ,  70,  65,  65,  70,  60,  55, 

60,  61,  49,  53,  42  ,  35.  Total  of  1545  ml  after  1  hr  45  min. 
Calculated  1541  ml  (6H2) 


After  appropriate  treatment  of  the  product  from  hydrogenation  over  Pt,  from  the  remaining  liquid  we  isolated 
3  g  of  the  acetate  of  3,8-dimethyldecanol-3  (HI). 

Two  parallel  experiments  were  carried  out  and  these  gave  analogous  results. 

a)  Analysis  of  the  monoacetate  of  3,8-dimethyldecanol-3  (III);  b.p.96-98"  (4-5  mm),  d^®  0.8763,  n^  1.4380, 

MRj)  68.30;  calc.  68.50. 

Found ‘7o:  C  73.97;  H  11.76;  CH3CO  18.77.  M  228  (cryoscopically).  C^HagOj.  Calculated  ^Vo;  C  73.68;  H  12.28; 
CH3CO  18.88.  M  228. 

Tests  for  active  hydrogen  and  a  triple  bond  were  negative.  The  substance  did  not  decolorize  potassium  per¬ 
manganate  solution. 

b)  Analysis  of  the  diacetate  of  3,8-dimethyldecanediol-3,8  (IV):  b.p.  120-122“  (4-5  mm),  d4®  0.9545,  n^ 

1.4500,  MRp  80.52;  calc.  79.40. 

Found  *^0:  C  66.79;  H  11.06;  2CH3CO  30.29.  M  282.  C16H30O4.  Calculated ‘y*:  C  67.13;  H  10.48;  2CH3CO 
30.04.  M  286. 

Tests  for  active  hydrogen  and  a  triple  bond  were  negative.  The  substance  did  not  decolorize  potassium  per¬ 
manganate  solution. 

Synthesis  of  the  acetate  of  di(l-hydroxycycIopentyl)butadiyne-l,3  (II).  A  mixture  of  5  g  of  the  glycol  (m.p. 
134-136“),  50  g  of  acetic  anhydride,  and  0.5  g  of  anhydrous  sodium  acetate  was  heated  under  reflux  on  an  oil  bath 
at  160-170“  for  1  hr;  the  reaction  mixture  was  then  treated  as  described  previously  [2].  We  obtained  6  g  (8Q.l(flo)  of 
crystals  with  m.p.  65-66“  (from  alcohol). 

Found '^o;  C  71.09,  71.04;  H  7.37,  7.49;  2CH3CO  28.56.  M  305,  307  (by  Rast’s  method).  C18H22O4.  Calculated ‘l/o: 
C  71.52;  H  7.28;  2CH3CO  28.46.  M  302. 

A  test  for  active  hydrogen  by  the  Chugaev-Tserevitinov  method  gave  a  negative  result.  Hydrolysis  of  the 
ester  yielded  the  starting  glycol. 

Hydrogenation  of  the  acetate  of  di(l -hydroxy cyclopentyl)butadiyne -1,3.  A  solution  of  3.02  g  of  the  ester  in 
50  ml  of  alcohol  was  used.  The  hydrogenation  results  are  given  in  Table  2. 

After  appropriate  treatment,  the  product  from  hydrogenation  over  Pd  was  vacuum  distilled.  The  normal  treat¬ 
ment  yielded  the  following  substances:  1.5  g  (38.76^o)  of  (V)  with  b.p.  100-101“  (4-5  mm)  and  2.5  g  (4C^o)  of  (VI) 
with  m.p.  79-80“.  We  also  isolated  the  starting  diacetylene  ester  with  m.p.  65-66“  and  acetic  acid.  Two  parallel 
experiments  were  carried  out  and  these  gave  analogous  results. 

After  appropriate  treatment  of  the  product  from  hydrogenation  over  Pt,  from  the  remaining  liquid  we  isolated 
3  g  of  (V)  and  also  1.5  g  of  acetic  acid. 

Two  parallel  experiments  were  carried  out  and  these  gave  analogous  results. 

a)  Analysis  of  1,4-dicyclopentylbutane  (V);  b.p.  100-101“  (4-5  mm),  d4®  0.8671,  1.4724,  MRp  62.67; 

calc.  62.45. 

Found  I0:  c  86.41;  H  13.39.  M  188,  189  (by  Rast's  method).  C14H26.  Calculated  I0:  C  86.59;  H  13.40;  M  194. 
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Testt  for  active  hydrogen,  a  triple  bond,  and  acetyl  group  were  negative.  The  substance  did  not  decolorize 
potassium  permanganate  solution. 

b)  Analysis  of  the  diacetate  of  l,4-di(l-hydroxycyclopentyl)butane  (VI)  with  m.p.  79-80*. 

Found C  70.12;  H  10.09.  CttH3o04.  Calculated  *70:  C  69.67;  H  9.67. 

The  acetate  of  3,8-dimethyldecadiyne-4,6“diol-3,8  (I)  added  8  hydrogen  atoms  in  105  min,  while  the  corre¬ 
sponding  glycol  required  210  min. 

The  acetate  of  di(l-hydroxycyclopentyl)butadiyne-l,3  (II)  added  8  hydrogen  atoms  in  37  min,  while  the  corre¬ 
sponding  glycol  required  210  min. 

SUMMARY 

1.  The  acetates  of  3,8-dimethyldecadiyne-4,6-diol-3,8  and  di(l-hydroxycyclopentyl)butadiyne-l,3  were 
synthesized  and  described  for  the  first  time  and  their  catalytic  hydrogenation  studied. 

2.  It  was  shown  that  as  a  result  of  the  addition  of  8  hydrogen  atoms,  the  acetate  of  3,8-dimethyldecadiyne-4,6- 
diol-3,8  forms  acetates  of  the  saturated  alcohol  and  the  saturated  glycol,  while  the  acetate  of  di(l -hydroxy  cy  do - 
pentyl)butadiyne-l,3  forms  a  hydrocarbon  and  the  acetate  of  the  saturated  glycol  as  a  result  of  the  addition  of  8  hy¬ 
drogen  atoms. 

3.  It  was  established  that  when  hydrogenated  in  the  presence  of  colloidal  palladium  and  platinum  black, 
acetates  of  diacetylene  glycols  not  only  add  hydrogen  at  the  triple  bond,  but  also  at  the  same  time  undergo  reduc¬ 
tion  of  the  acid  residues  to  acetic  acid  and  their  replacement  byhydrogen  atoms. 

4.  The  acetate  of  3,8-dimethyldecanol-3,  the  diacetate  of  3,8-dimethyldecanediol-3,8,  the  diacetate  of  1,4- 
di(hydroxycyclopentyl)butane,  and  1,4-dicyclopentylbutane  were  described, 

5.  It  was  established  that  diacetylene  ditertiary  acetates  are  hydrogenated  more  rapidly  than  the  corresponding 
glycols. 
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The  present  work  is  a  continuation  of  an  investigation  begun  previously  on  vinyl  ethers  of  acetone  derivatives 
of  monosaccharides  [1,  2].  The  subject  studied  was  diacetone-d -galactose.  As  a  result  of  the  experiments  it  was 
possible  to  isolate  the  corresponding  vinyl  ether  in  a  satisfactory  yield  (67*^). 

EXPERIMENTAL 

6 -Vinyl-1,2 -3,4-diisopropylidene-d  -galactose.  Into  a  2-liter  rocking  autoclave  were  placed  20  g  of  1,2 -3,4- 
diisopropylidene-d  -galactose  (b.p.  130-135°  at  0.03-0.04  mm,  n|)  1.4660)  [3],  1100  ml  of  dioxane,  and  5  g  of  KOH. 
The  mixture  was  saturated  with  acetylene  from  a  tank  to  a  pressure  of  14  atm  at  20°,  The  mixture  was  kept  at  145- 
150°  for  6  hr.  The  pressure  varied  over  the  range  of  90-110  atm.  Filtration  and  distillation  of  the  mixture  yielded  a 
yellow  oily  liquid,  which  decolorized  bromine  water.  The  yield  was  15  g  (6T7o). 

B.p.  95-96°  (0.5-1  mm),  d*/  1.1450,  np  1.4710,  MR  69.92;  calc.  69.52. 

Found C  58.68.  58.40;  H  7.68.  M  288.0.  Ci4H2206.  Calculated ‘7o:  C  58.70;  H  7.68.  M  286.1. 

Partial  hydrolysis  of  the  substance  obtained  in  80^o  methanol  containing  0.5*70  of  H2SO4  yielded  1,2-3,4-di- 
isopropylidene-d  -galactose  with  b.p. 130-135°  (0.03-0.04  mm)  and  np  1.4660.  Data  from  hydrolytic  oxime  for¬ 
mation  indicated  that  the  molecule  of  the  substance  contained  one  vinyl  group. 

6-Ethyl-l,2 -3,4-diisopropylidene-d  -galactose.  Into  a  shaking  reactor  connected  to  a  graduated  gasometer 
were  placed  5  g  of  6 -vinyl -1,2 -3,4-diisopropylidene-d  -galactose,  20  ml  of  alcohol,  and  1  g  of  skeletal  nickel. 
Hydrogenation  was  continued  for  12  hr.  The  substance  absorbed  387  ml  of  hydrogen,  while  the  amount  calculated 
for  1  vinyl  group  is  391.5  ml. 

After  removal  of  the  catalyst,  the  filtrate  was  distilled.  The  main  high -boiling  product  was  an  oily  light 
yellow  liquid,  which  did  not  decolorize  bromine  water.  The  yield  was  4  g  (81*70). 

B.p.  88-91°  (0.5-1  mm),  d^®  1.1055,  i4®  1.4580.  MR  71.22;  calc.  70.11. 

Found  *7o:  C  58.71,  58.68;  H  8.52,  8.47.  M  289.8.  C14H2A.  Calculated  *Vo :  C  58.30;  H  8.33.  M  288.1. 

SUMMARY 

1.  6-Vinyl-l,2 -3,4-diisopropylidene-d  -galactose  was  synthesized  from  1,2 -3,4-diisopropylidene-d  -galactose 
and  acetylene, 

2.  Catalytic  hydrogenation  of  6-vinyl-l,2-3,4-diisopropylidene-d-galactose  yielded  6-ethyl-l,2 -3,4-di¬ 
isopropyl  idene  -  d  -galactose. 
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ASYMMETRIC  TERTIARY  ARSINES 
I.  PHENYLETHYLALKYLARSINES  AND  THEIR  DERIVATIVES 

Gil’m  Kama!  and  Yu.  F.  Gatilov 

Chemical  Institute  of  the  Kazan'  Branch  of  the  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 
pp.  1844-1847,  June,  lOGl 
Original  article  submitted  July  7,  1960 


The  syntheses  of  a  series  of  asymmetric  tertiary  arsines  of  the  general  type  abc  =  As  were  presented  in  the 
communications  of  one  of  us  [1],  Continuing  investigations  in  this  field,  we  carried  out  new  syntheses  to  prepare 
aliphatic -aromatic  tertiary  arsines. 

We  previously  synthesized  halogen  derivatives  of  secondary  arsines  from  alkyldihaloarsines  or  arylarsine  oxides 
according  to  the  following  scheme: 


Strongly  alkaline  medium 


n— As(Ilal)2  -l-2NaOIl  — >  H-As=0  +  2Nallal -f  HjO 

R_As=0  4-  2Na01I  IVHal  — »•  >As-ONa  +  NaHal  +  H2O 

R'/  II 


O 


Strongly  acid  medium 


R'^ 


As-OII  1  SOa-f  IlHal 

i 


\^sllal  4-  H2SO4 
R'/ 


We  established  that  the  most  convenient  and  comparatively  simple  method  of  preparing  phenylethylchloroarsine 
is  one  based  on  the  action  of  tetraethyllead  on  phenyldichloroarsine  at  a  temperature  of  about  100*  according  to  the 
equation: 


3C6ll6AsCl2-f  (C2n6)4Pb  ->  3  )AsCl  + PbCla-t-CaMsCl. 

C2Hr/ 

Pure  phenylethylchloroarsine  was  isolated  in  a  yield  of  90.1  ^0, 

We  then  obtained  various  asymmetric  arsines  by  the  action  of  phenylethylchloroarsine  on  solutions  of  cxgano- 
magnesium  compounds  from  appropriate  alkyl  halides.  Some  data  on  these  compounds  are  given  in  Table  1. 

Phenylmethylethylarsine  was  synthesized  previously  by  one  of  us  [1]  by  another  method  and  phenyldiethyl- 
arsine  has  been  described  in  the  literature  [2]  but  no  data  on  it  apart  from  the  boiling  point  was  given  and  the  same 
applies  to  phenylethyl-n-propylarsine  [3]. 

All  the  tertiary  arsines  we  obtained  were  colorless,  mobile  liquids  with  an  obtrusive  odor.  They  were  soluble 
in  ether,  alcohol,  and  benzene  and  almost  insoluble  in  water. 

As  the  data  presented  show,  the  average  atomic  refraction  of  the  asymmetric  arsines  we  synthesized  equals 
12.00,  i.e.,  somewhat  higher  than  the  values  for  trialky larsines  which  one  of  us  calculated  previously  [4]  (11.80)  and 
that  for  alkyl  esters  of  phenylalkylarsinous  acids  of  the  type  (QHs)  •  (Aik  •  AsOAlk)  (average  11.80). 

The  tertiary  arsines  isolated  reacted  with  cuprous  bromide  to  form  stable  crystalline  complexes  of  the  type: 

GeUsv  Cgllsv 

^As— C2H5  •  CuUr  and  pAs— C3H;  •  CuRr 

C2H5/  Calls/ 
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TABLE  1 


A  .  A  . 

Asymmetric  Arsines  ^As— R 

C2H5/ 


Sample 

No. 

R 

Boiling 
point( pres¬ 
sure  8-1  0 
mm) 

"A** 

Empiri¬ 
cal  for¬ 
mula 

•/.  AS  1 

MR« 

Alt.  ! 
1 

Yield 

(%) 

found 

calc. 

1 

Clip 

85-86° 

1.2023 

1..5642 

38.21 

37.98 

53.02 

12.04 

82.2 

2 

96-97 

1.1675 

1.. 5.562 

^loHi.iAs 

35.64 

35.30 

57.86 

11.88 

89.9 

3 

108-109 

1.1415 

1..5492 

33.45 

33.28 

62.45 

11.95 

85.1 

4 

C4H9-n 

122-123 

1.1187  ' 

1.54.38 

C.j|oII|9As 

31.45 

31.27 

67.20 

12.07 

81.9 

5 

C.sRir” 

133-134 

1.0971 

1.. 5.371 

C13M21  A.s 

29.70 

29.59 

71.82 

12.06 

92.1 

6 

CgH|3-n 

145-146 

t.0862 

1.5340 

C)4H23As 

28.20 

27.97 

76.26 

11.96 

92.9 

7 

163-164 

1.0661 

1..5271 

CK.II,r.AS 

26.72 

26.59 

80.86 

11.90 

92.8 

8 

CgUn-n 

171-172 

1.0514 

1.5221 

CirILj^As 

25.45 

25.28 

85.45 

11.98 

79.9 

9 

CaHin-n 

181-182 

1.0327 

1.5170 

(.|7il29A.S 

24.29 

24.23 

90.30 

12.08 

90.9 

TABLE  2 


u 

■1 

•/.  As  1 

•/o  Br 

Yield 

(%) 

E  2 

10 

Formula 

1 

As 

[c,!./  \c,n. 

Rr 

84-85° 

23.30 

23.62 

2.5.10 

25.10 

93.1 

2 

^^2115 

As 

Calls^ 

Ur 

95-96 

C-iaRjoRiAs 

22.60 

22.63 

24.01 

24.14 

91.5 

3 

As 

\C3H5i 

Rr 

105-106 

C,4R22'hAs 

21.75 

21.71 

23.00 

23.15 

93.9 

4 

As 

C2H5/  \c3n5 

Rr 

77-78 

Cir,Il24RrAs 

20.95 

21.14 

22.35 

22.25 

87.8 

By  the  reaction  of  allyl  bromide  with  the  tertiary  arsines,  we  prepared  the  corresponding  arsonium  compounds 
in  a  crystalline  state.  Some  data  on  them  are  given  in  Table  2.  The  arsonium  compounds  were  white  crystalline 
substances,  which  were  soluble  in  alcohol,  acetone,  and  water  and  insoluble  in  ether. 

EXPERIMENTAL 

Preparation  of  phenylethylchloroarsine.  A  414  g  sample  of  phenyldichloroarsine  was  placed  in  a  four -necked 
flask  fitted  with  a  stirrer,  dropping  funnel,  reflux  condenser,  and  thermometer  and  heated  on  an  oil  bath  to  110* 

(bath  temperature  120-130“)  with  the  continuous  passage  of  nitrogen.  Then  200  g  of  tetraethyllead  was  added  drop- 
wise  to  the  heated  phenyldichloroarsine  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above 
110-130*.  Turbidity  and  the  formation  of  a  white  precipitate  indicated  the  beginning  of  the  reaction.  The  reaction 
was  continued  until  the  evolution  of  ethyl  chloride  through  the  calcium  chloride  tube  ceased.  Vacuum  distillation 
yielded  358  g  (90.1*70)  of  a  fraction  with  b.p.  109-110“  (10  mm).  The  phenylethylchloroarsine  was  a  clear  liquid 
with  d4®  1.3553,  nfj  1.5875. 

Found  *70;  As  34.48;  Cl  16.83.  CgHjoAsCl.  Calculated  *70;  As  34.75;  Cl  16.44. 
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Preparation  of  phenylethylmethylarslne.  A  20  g  sample  of  phenylethylchloroarsine  was  carefully  added  drop- 
wlie  to  an  ether  solution  of  methylmagnesium  iodide  from  2.25  g  of  magnesium  and  13,5  g  of  methyl  iodide  in  100  ml 
of  ether  in  a  stream  of  an  inert  gas  with  external  cooling.  The  reaction  mixture  was  left  at  room  temperature  for 
several  hours.  After  the  reaction  mixture  had  been  decomposed  with  ammonium  chloride  solution,  the  ether  layer 
was  separated,  washed  with  water,  and  dried  with  calcium  chloride.  After  removal  of  the  solvent,  the  residual  liquid 
was  vacuum  distilled.  The  yield  was  15  g  (82.2^). 

B.p.  85-80’  (9  mm),  d^®  1.2023,  1.5642. 

Found  *70;  As  37.98.  CqHqAs.  Calculated ‘7‘>:  As  38.21, 

Phenylethylmethylarslne  is  a  colorless  liquid  with  an  unpleasant  odor  and  is  soluble  in  ether,  alcohol,  ben¬ 
zene,  and  other  organic  solvents. 

The  other  arsines  were  prepared  as  described  above  and  their  properties  are  given  in  Table  1. 

Preparation  of  phenylethylmethylallylarsonium  bromide.  A  mixture  of  3  g  of  phenylethylmethylarsine  and 

l, 84  g  of  allyl  bromide  was  left  in  a  sealed  tube  for  a  day.  We  then  isolated  4.5  g  of  a  crystalline  substance  with 

m. p.  84-85*. 

Found  As  23.80;  Br  25.10.  CoHijAsBr.  Calculated  lo-.  As  23.62;  Br  25.20. 

Phenylethylmethylallylarsonium  bromide  is  a  crystalline  substance,  which  is  soluble  in  alcohol,  acetone,  ethyl 
acetate,  and  water.  The  other  arsonium  compounds  were  synthesized  similarly. 

Preparation  of  complexes  with  cuprous  bromide.  To  1.5  g  of  phenyldiethylarsine  in  a  tube  was  added  1,02  g  of 
cuprous  bromide.  The  tube  was  sealed  and  heated  gently.  Cooling  yielded  2  g  of  a  crystalline  substance  with  m.p. 
127-128*  (from  alcohol). 


Found  *70:  As  20.87;  Br  22.54.  CjoHisAsCuBr.  Calculated  "/o:  As  21.19;  Br  22.60. 


The  other  complexes  were  synthesized  analogously.  The  complex  of  phenylethylpropylarsine  with  cuprous 
bromide  melted  at  135-136*  (from  alcoliol). 


SUMMARY 

1.  Some  new  asymmetric  tertiary  arsines  were  prepared  and  studied. 

2.  The  reaction  of  asymmetric  arsines  with  allyl  bromide  yielded  arsonium  compounds  with  different  radicals. 

3.  The  asymmetric  tertiary  arsines  formed  crystalline  complexes  with  cuprous  bromide. 

LITERATURE  CITED 

1.  Gil’m  Kamai,  ZhOKh,  4,  184  (1934);  5,  1402  (1935);  Ber.  1779  (1933);  68  ,  960,  1893  (1935). 

2.  A.  Michaelis,  Ber.  1^,  626  (1877);  La  Costa  and  Michaelis,  Lieb.  Ann.  201,  212  (1880), 

3.  T.  F.  Winmill,  J.  Chem.  Soc.  101,  721  (1912). 

4.  Gil’m  Kamai  and  N.  I.  Kuz’min,  ZhOKh,  Sb.  I,  223  (1953);  G.  Kamai  and  I.  M.  Starshev,  DAN  SSSR,  96,  995 
(1954). 


All  abbreviations  of  periodicals  in  the  above  bibliORraphy  are  letter-hy-letter  transliter¬ 
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odical  literature  may  well  be  available  in  Endlish  translation.  A  contplete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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CHEMISTRY  OF  HETEROCYCLES 

XXXIV.  SYNTHESIS  AND  PROPERTIES  OF  ARALKYLAMIDES 

OF  DI(2-THIENYL)GLYCOL!C  ACID 

P.  A.  Petyunin,  M.  S.  Khodyreva,  and  M.  E.  Konshin 
Perm  Pharmaceutical  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1847-1849,  June,  1961 

Original  article  submitted  July  6,  1960 


One  of  us  and  N.  G.  Panferova  [1]  developed  a  method  of  preparing  arylamides  of  a-hydroxy  acids.  In  the 
present  work  we  applied  this  method  to  the  preparation  of  aralkylamides  of  di(2 -thienyljglycolic  acid  (I). 


Di(2-thienyl)glycolic  acid  (II)  is  the  thienyl  analog  of  benzillc  acid,  but  its  amide  derivatives  have  remained 
unknown  up  to  now.  However,  they  could  be  of  pharmacological  interest  as  analogous  derivatives  of  benziUc  acid 
have  biological  activity  [3]. 

The  method  of  preparing  (I)  was  based  on  the  reaction  between  a-thienylmagnesium  iodide  (II)  and  ethyl  N- 
aralkyloxamate  (III). 


RNHCOCOOC,H,  (Ill) 


"Mg  I 
(11) 


- 1  coiicoNiin 

(I) 


R=C,H,.  C.H,.  C,H,CH,.  p-CH,C,H,. 
o-  and  p-CH,oc.H„  fi-c,oii,. 


As  the  starting  materials  are  readily  available  and  the  yields  of  the  reaction  products  are  high,  we  can  recom 
mend  the  reaction  we  studied  as  a  preparative  method  of  obtaining  aralkylamides  of  di(2 -thienyl)glycolic  acid. 


Absorption  spectra.  1) 
Anilide  of  benzilic  acid; 

2)  anilide  of  di(2 -thienyl) - 
glycolic  acid. 


The  compounds  obtained  were  crystalline  substances,  which  were  sparingly 
soluble  in  water  soluble  in  the  normal  organic  solvents.  They  showed  halochromism 
and  dissolved  in  mineral  acids  with  a  dark  red  coloration,  changing  to  dark  violet. 

The  structure  of  the  halochromic  salt  may  be  represented  by  the  following 
formula: 


I 

coNnn 

(IV) 


The  halochromic  salt  (IV)  had  a  deeper  color  than  halochromic  salts  of 
arylides  of  benzilic  acid  [4].  In  addition,  aralkylamides  of  di(2  -thienyl)glycolic 
acid  showed  more  strongly  basic  properties  than  arylides  of  benzilic  acid.  Thus, 
they  formed  halochromic  salts  with  45*70' sulfuric  acid  and  concentrated  hydrochltwic 
and  phosphoric  acids,  while  arylides  of  benzilic  acid  formed  colored  solutions  only 
with  concentrated  sulfuric  acid  [4]. 

The  arylides  (I)  were  similar  in  basicity  to  arylides  of  4,4'  -dimethoxybenzilic 
acid  [5],  which,  like  (I),  form  halochromic  salts  with  dilute  sulfuric  acid.  The  higher 
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N-Aralkylamides  of  Di(2-thienyl)glycolic  Acid 


C(OH)CONHR 


R 

Melting 

point 

Yield 

(%) 

Empirical  formula 

•/.  N 

found 

calc. 

CeH. 

136® 

80 

Ci6Hi302NS2 

4.50,  4.30 

4.44 

p-CII,OCeH4 

130 

80.5 

C17H15O3NS2 

4.20,  4.08 

4.05 

0-011,00,114 

143 

83 

O17II15O3NS2 

3.94,  4.00 

4.05 

p-0ll30,H4 

130-131 

82 

C,7H,502NS2 

4.17,  4.27 

4.25 

Ozll. 

73-74 

80 

C12H13O2NS2 

5.17,  4.97 

5.24 

p-OioH, 

140-141 

82 

O20U15O2NS2 

3.9,  3.97 

3.94 

O0H5OII2 

109 

80 

^17^^1502^52 

.3.97,  4.10 

4.25 

basicity  of  (I)  in  comparison  with  arylides  of  benzilic  acid  must  be  explained  by  the  higher  nucleophilicity  of  the 
thiophene  ring  in  comparison  with  the  benzene  ring.  The  ultraviolet  absorption  spectra*  of  anilides  of  benzilic  and 
di(2-thienyl)glycolic  acids  were  determined;  it  was  established  that  replacement  of  the  benzene  by  a  thiophene  ring 
increased  the  absorption  intensity  somewhat  (figure). 

EXPERIMENTAL 

Preparation  of  aralkylamides  of  di(2-thienyl)glycolic  acid.  a-Thienylmagnesium  iodide  (11)  was  prepared  from 
0.1  g-at  of  magnesium  and  0.1  mole  of  a -iodothiophene  in  60  ml  of  absolute  etlier  by  the  usual  method.  To  this 
wasaddcd  0.33  mole  of  finely  divided  N-aralkyloxamic  ester  (111)  with  stirring  and  cooling,  the  mixture  heated  for 
1.5  hr  on  a  water  bath,  and  the  complex  decomposed  with  dilute  sulfuric  acid.  The  ether  layer  was  separated,  tlie 
solvent  evaporated,  and  the  residue  recrystallized  from  alcohol. 

SUMMARY 

1.  It  was  established  that  the  reaction  between  a-thienylmagnesium  iodide  and  an  ethyl  N-aralkyloxamate 
may  be  recommended  as  a  preparative  method  of  obtaining  aralkylamides  of  di(2-thienyl)glycolic  acid. 

2.  Seven  aralkylamides  of  di(2-thienyl)glycolic  acid  which  have  not  been  described  in  the  literature  were 
synthesized  and  their  properties  studied. 

3.  The  ultraviolet  absorption  spectra  of  the  anilides  of  benzilic  and  di(2-thienyl)glycolic  acids  were  compared. 
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•  The  measurements  were  made  on  alcohol  solutions  with  an  SF-4  spectrophotometer. 
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SYNTHESES  OF  VINYL  FURFURYL  ETHER, ETHYL  FURFURYL 
AND  n-BUTYL  FURFURYL  ACETALS 

A.  G.  Rychkova  and  R,  E.  Keller 

Voronezh  Wood  Technology  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1849-1851,  June,  1961 

Original  article  submitted  July  1,  1960 

Vinyl  furfuryl  ether  (I)  was  synthesized  by  the  direct  addition  of  acetylene  to  furfuryl  alcohol. 

Ethyl  furfuryl  and  n -butyl  furfuryl  acetals  (II)  were  synthesized  by  the  action  of  furfuryl  alcohol  on  vinyl  ediyl 
and  vinyl  butyl  ethers. 


lie - CM 

IK*!  C-Cll20-CII=Cll2 


/)— n 

CM.-d-O-ClIjOC^II., 

\|| 


(I) 


(11) 

R=:C,H,.  n-C.H., 


Furfuryl  alcohol  was  obtained  from  readily  accessible  furfural  by  the  Cannizzaro  reaction. 

EXPERIMENTAL 

Synthesis  of  vinyl  furfuryl  ether.  Into  a  1  liter  rotating  autoclave  were  placed  116.72  g  of  furfuryl  alcohol 
(b.p.  75-77“  at  15  mm,  n|)  1.4859,  d4®  1.1300),  16.38  g  of  KOH  (14*70),  and  50  g  of  water.  The  initial  acetylene 
pressure  was  15  atm,  the  reaction  temperature  140-160",  and  vinylation  was  continued  for  13  hr.  The  amount  of 
acetylene  absorbed  was  27  liters  (31.34  g,  101.5^o). 

The  reaction  mixture  in  the  autoclave  was  a  dark  brown  liquid.  The  ether  extract  was  washed  with  water 
until  neutral  and  dried  with  potassium  carbonate.  We  obtained  66.6  g  (45.0^)  of  vinyl  furfuryl  ether,  which  was 
readily  soluble  in  alcohol,  ether,  and  benzene. 

B.p.  77“  (3  mm),  ng  1.4758,  d^  1.0313,  MRp  33.96;  calc.  34.09. 

Found  *70:  C  67.81.  67.78;  H  6.63,  6.52.  M  124.26.  CyHjOz.  Calculated  *7o;  C  67.72;  H  6.49.  M  124.13. 

The  vinyl  ether  content  of  the  preparation  was  determined  as  acetaldehyde  by  hydrolytic  oxime  formation  [1]; 
found;  98.68,  98.28^o  of  aldehyde. 

Vinyl  furfuryl  ether  polymerized  in  the  presence  of  ferric  chloride  to  give  a  viscous  liquid  which  was  suitable 
for  plastic  ftwmation. 

Synthesis  of  acetals.  The  starting  materials  fesr  the  syndiesis  of  the  acetals  were  vinyl  ethyl  ether  (b.p.  39.5*, 
1.3777,  d^®  0.7532),  vinyl  n-butyl  ether  (b.p.  93.5“,  n^^  1.4026,  d4®  1.7791),  and  furfuryl  alcohol.  They  were 
prepared  by  the  Favorskii-Shostakovskii  method  [1]. 

Ethyl  furfuryl  acetal.  Ethyl  furfuryl  acetal  was  synthesized  in  a  three -necked,  round -bottomed  flask  fitted 
with  a  stirrer,  a  mercury  seal,  a  reflux  condenser,  and  a  thermometer.  A  mixture  of  24.5  g  of  furfuryl  alcohol  and 
18.2  g  of  vinyl  ethyl  ether  was  stirred  carefully  and  cooled  to— 10*  and  a. drop  of  concentrated  hydrochloric  acid  added 
as  the  catalyst.  The  temperature  of  the  reaction  mixture  then  rose  rapidly  to  28*.  Cooling  was  continued  during  the 
synthesis  as  a  vigorous  reaction  produced  a  series  of  side  reactions,  which  could  lead  to  cleavage  to  acetaldehyde 
and  the  corresponding  alcohols  [2].  At  the  end  of  the  reaction  when  the  temperature  of  the  mixture  returned  to 
room  temperature,  the  acid  was  neutralized  with  potassium  carbonate  and  the  reaction  mixture  vacuum  distilled. 

The  acetal  obtained  was  purified  with  metallic  sodium  and  then  vacuum  distilled.  The  yield  was  24.2  g  (51.99^). 
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B.p.  64*  (2  mm),  1.4501,  dj®  1.0074,  MR^  45.40;  calc.  45.44. 

Found  C  63.56,  63.40;  H  8.22,  8.20.  M  170.6.  QHiA.  Calculated  *70 :  C  63.44;  H  8.29.  M  170.2. 
Hydrolytic  oxime  formation  indicated  97.34  and  98.24*^  of  aldehyde. 

n -Butyl  furfuryl  acetal.  A  mixture  of  24.5  g  of  furfuryl  alcohol  and  25.05  g  of  vinyl  n -butyl  ether  was  stirred 
in  a  flask  with  a  thermometer.  When  the  catalyst  (a  drop  of  concentrated  hydrodiloric  acid)  was  added,  the  tem¬ 
perature  of  die  mixture  rose  to  93*.  At  the  end  of  the  reaction  the  acid  was  neutralized  with  freshly  baked  potassium 
carbonate  and  the  mixture  vacuum  distilled.  The  product  was  then  purified  with  metallic  sodium  and  vacuum  distilled. 
The  yield  of  the  acetal  was  29.66  g  (59.84'^). 

B.  p.  90-91*  (2  mm),  1.4525,  d^®  0.9788,  MRp  54.47;  calc.  54.68. 

Found‘d:  C  66.31,  66.52;  H  9.06,  9.09.  M  197.4.  CnHigO^.  Calculated “/o :  C  66.63;  H  9.15.  M  198.3. 
Hydrolytic  oxime  formation  indicated  97.34  and  98.727o  of  aldehyde. 

The  acetals  obtained  were  colorless  liquids  with  a  pleasant  fruity  odor  and  were  readily  soluble  in  ether,  al¬ 
cohol,  and  benzene. 

SUMMARY 

1.  Vinyl  furfuryl  ether  was  prepared. 

2.  Acetals  were  readily  formed  by  the  reaction  of  vinyl  ethyl  and  vinyl  n -butyl  ethers  with  furfuryl  alcohol 
in  the  presence  of  hydrochloric  acid. 
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As  a  result  of  a  study  of  the  reactions  of  vinylacetylene  with  tertiary  alkyl  halides,  halogen  derivatives  of 
dienes  with  a  tertiary  radical  in  the  a-position  and  a  halogen  atom  in  the  6 -position  became  readily  accessible 
[1,  2].  The  only  reactions  of  these  halogen  derivatives  which  could  be  studied  previously  were  hydrogenation  and 
diene  synthesis  with  fumaric  esters.  It  was  also  established  that  they  could  be  polymerized  to  vitreous  products. 

It  seemed  interesting  to  study  other  conversions  of  a-tert-alkylhaloprenes  to  determine  the  possibility  of 
preparing  various  compounds  with  tertiary  alkyl  radicals  from  them. 

In  the  present  article  we  examined  the  results  of  our  experiments  on  the  bromo-  and  iodoalkoxylation  of  a- 
tert-butylbromoprene  (3-bromo-5,5-dimethylhexadiene-l,3),  the  adduct  of  tert -butyl  bromide  and  vinylacetylene. 

The  bromoalkoxylation  was  achieved  by  the  action  of  benzosulfodibromamide  and  the  iodoalkoxylation  by  the 
action  of  iodine  and  mercuric  oxide  on  alcohol  solutions  of  the  diene  bromide.  These  methods  have  been  used  many 
times  previously  by  one  of  us  for  the  preparation  of  halo  ethers  from  diene  hydrocarbons  and  halogen  derivatives  [3, 4]. 

Under  these  conditions,  chloroprene  and  bromoprene  add  the  elements  of  alkyl  hypohalites  at  the  double  bond 
that  is  not  substituted  by  halogen  [3].  In  our  case  we  also  obtained  exclusively  or  almost  exclusively  halo  ethers 
with  formula  (I): 

<CIl3)3C-Cn=Cl]r-GEIOR-(:il2nig  (l);  (Cn3)3C-GIllllg-Cnr=-Cn-CIl20n  (IV); 

(GH3)3G-GnOn-GHr=GIl-GH2Ulg  (U);  (Gn3)3G-GIIOn-GnrlIlg-Gn=Gn2  (V); 

(GIl3)3G-Gnillg— GniOR-GII=Gn2  (III);  (Gll3)3G-Gn=GRr-Gimig-GH20n  (VI). 

They  did  not  react  with  alcoholic  alkali  in  the  cold  and  consequently,  did  not  contain  labile  halogen  atoms. 
One  of  the  halogen  atoms  could  be  removed  only  by  boiling  for  many  hours  with  a  fourfold  excess  of  alcoholic  KOH 
solution.  The  stability  of  the  ethers  toward  alkali  excluded  all  the  formulas  for  them  apart  from  (1).  In  the  sub¬ 
stances  with  formulas  (II)-(VI),  one  of  the  halogen  atoms  (allyl  or  a-halo  ether)  must  be  extremely  reactive.  Such 
substances  normally  react  with  alkali  even  in  the  cold. 

Hydrolytic  cleavage  of  the  unsaturated  bromo  ethers  obtained  by  dehalogenation  of  the  adducts  of  tert-butyl- 
bromoprene  with  methyl  hypobromite  and  methyl  hypoiodite  and  subsequent  reduction  led  to  methyl  neohexyl  ketone, 
which  has  been  described  previously.  This  conversion  also  excluded  all  formulas  apart  from  (1)  for  the  starting  sub- 

(GH3)3G-GH=GUr-GI10GH3-GH2nig— 

- ►(Gn3)3G-GH=GBr-GOGH3=GIl2-^’-.. 

- -^(GH3)3G— GH=GIh-GO-GIl3  — 

- — ^(Gll3)3G-Gll2-GH2-GO-Gn3 

The  infrared  spectra  of  the  starting  bromo  and  iodo  ethers  and  also  the  products  of  their  dehalogenation  and 
subsequent  hydrolysis  also  confirmed  formula  (I).  The  spectra  of  the  starting  bromo  and  iodo  ethers  did  not  contain 
the  characteristic  intense  bands  of  a  vinyl  group  in  the  region  of  900-1000  cm“^,  which  were  present  in  the  spectrum 

•  Diene  compounds.  LXXX. 
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Fig.  1.  Infrared  transmission  spectra.  1) 
l,3-Dibromo-2  -methoxy-5, 5 -dimethyl- 
hexene-3;  2)  l,3-dibromo-2-ethoxy-5,5- 
dimethylhexene-3;  3)  l-iodo-3-bromo-2- 
methoxy-5,5-dimethylhexene-3;  4)  3- 
bromo-2  -methoxy  -5,5-dimethylhexadiene 
1,3;  5)  ketone  obtained  from  the  latter. 


of  the  starting  diene  bromide  (Fig.  1,  curves  1-3).  Consequently, 
formulas  (III)  and  (V)  were  excluded.  The  weak  bands  present 
in  this  range  apparently  had  a  different  origin.  However,  die 
conclusiveness  of  diis  method  was  naturally  reduced. 

Among  the  other  characteristics  of  the  infrared  spectra  of 
the  bromo  and  iodo  ethers  (1),  we  should  note  the  average  in¬ 
tensity  of  the  band  of  the  bromine -substituted  double  bond  (about 
1630  cm"^).  The  intense  bands  in  the  region  of  1200-1250  cm"^ 
were  connected  with  the  presence  of  the  tert -butyl  radical. 

In  the  infrared  spectrum  of  the  enol  ether,  two  bands  (1590 
and  1640  cm"^)  corresponded  to  the  conjugated  system  of  double 
bonds.  The  former  had  a  considerably  higher  intensity  (Fig.  1, 
curve  4).  Diene  ethers  investigated  previously  also  had  two 
multiple -bond  frequencies  in  their  spectra  [5], 

In  the  infrared  spectrum  of  the  unsaturated  ketone  a  band 
with  a  frequency  of  1600  cm"'  corresponded  to  the  double  bond 
and  a  band  at  1681  cm"*  to  the  carbonyl  group  (Fig.  1,  curve  5). 

It  should  be  noted  that  as  a  result  of  the  low  and  similar 
labilities  of  the  two  halogen  atoms,  the  enol  bromo  ether  and 
unsaturated  bromo  ketone  were  not  obtained  in  a  pure  state. 

Thus,  as  a  result  of  the  present  investigation  it  was  estab  - 
lished  that  the  addition  of  alkyl  hypobromites  and  alkyl  hypo- 
iodites  to  a-tert-butylbromoprene  proceeds  predominantly, 
though  not  exclusively,  at  the  unsubstituted  double  bond,  i.e., 
in  the  same  order  as  to  bromoprene. 

EXPERIMENTAL 

The  starting  3-bromo-5,5-dimethylhexadiene-l,3  was 
prepared  by  the  addition  of  tert-butyl  bromide  to  vinylacetylene 
in  the  presence  of  zinc  bromide  [2]. 

l,3-Dibromo-2 -methoxy -5,5 -dimethylhexene -3.  To  a 
well  stirred  solution  of  tert-butylbromoprene  (18.9  g)  in  60  ml 
of  methanol  at  5-8°  was  added  15.8  g  of  benzosulfodibromamide 
in  small  portions  over  a  period  of  8  hr.  Stirring  was  continued 
until  a  test  fa:  active  bromine  was  negative.  The  bromo  ether 
was  isolated  from  the  reaction  mixture  by  steam  distillation. 
After  being  dried  over  CaCl2,  the  product  was  vacuum  distilled. 
This  yielded  4.8  g  of  the  starting  diene  and  1.5  g  of  a  residue. 
The  yield  of  the  main  substance  was  13  g  (43..'?7o). 


B.p.  118-120°  (10  mm),  d^/  1.4665,  np  1.5090,  MR  60.29;  calc.  59.37. 


Found  *70:  Br  53.58,  53.67;  OCHj  9.85,  10.04.  CgHjeOBrj.  Calculated  *70;  Br  53.27;  OCH3  10.33. 


Infrared  spectrum:  728  w,  826  w,  845  w,  oo^  av,  v‘to  w,  uvi  w,  j-uuo  m ,  j.uou  w,  x\joi  5, 

1204  s,  1219  m,  1239  m ,  1252  m ,  1310  w,  1331  w,  1364  s,  1396  w,  1421  m ,  1465  s,  1633  m  cm'*. 


A  mixture  of  6  g  of  the  dibromo  ether  and  4.5  g  of  KOH  in  25  ml  of  ethanol  was  boiled  for  12  hr.  The  reac¬ 
tion  products  were  steam  distilled.  The  distillation  residue  was  found  to  contain  49.4*70  of  the  bromine  present  in  die 
sample. 

Without  purification,  the  diene  ether  obtained  was  heated  with  8*70  H2SO4  (in  the  presence  of  hydroquinone)  with 
vigorous  stirring  on  a  boiling  water  bath  for  8  hr.  The  bromo  ketone  formed  was  extracted  with  ether. 

The  2,4-dinitrophenylhydrazone  of  this  bromo  ketone  formed  orange  crystals  with  m.p.  157-158°  (from  alcohol). 
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Found  *70;  N  14.29,  14.33.  Ci4Hi704N^r.  Calculated  *70:  N  14.54. 

During  the  exhaustive  hydrogenation  of  2.47  g  of  the  unpurified  bromo  ketone  over  2  g  of  Pd/CaCQj  in  30  ml 
of  methanol,  460  ml  of  H2  (789  mm,  15*)  was  absorbed  and  this  corresponds  to  82.5^.  The  reaction  products  were 
dissolved  in  ether.  The  ether  solution  was  washed  free  from  alcohol  with  a  saturated  solution  of  CaClg.  Drying  and 
distillation  yielded  about  0.5  g  of  methyl  neohexyl  ketone.  It  had  b.p,  70-71"  (35  mm),  d4®  0.8207,  n^  1.4162. 

The  2,4-dinitrophenylhydrazone  had  m.p.  106’  (from  alcohol). 

Found ‘7o;  N  18.22,  18.40.  C14H20O4N4.  CalcuUted  *70:  N  18.18. 

The  data  presented  are  close  to  literature  data  for  methyl  neohexyl  ketone  [6]. 

1,3  -Dibromo-2  -ethoxy -5,5  -dimethylhexene-3.  Treatment  of  a  solution  of  18.9  g  of  tert-butylbromoprene  in 
60  ml  of  ethanol  with  15.8  g  of  benzosulfodibromamide  in  the  usual  way  yielded  10.7  g  (3^o)  of  bromo  ether. 

B.p.  122-124*  (10  mm),  d^®  1.4476,  nj®  1.5072,  MR  64.60;  calc.  64.00. 

Found  <70:  Br  51.49,  51.35;  OQHj  13.79,  14.34.  CioHi80Br2.  Calculated  "T®:  Br  50.96;  OC2H5  14.43. 

Infrared  spectrum;  747  w,  825  m,  840  m  ,  868  m ,  888  m ,  983  w,  1009  m ,  1033  w,  1082  s,  1115  s,  1137  w, 

1176  w,  1191,  m,  1215  m,  1239  m,  1248  m,  1309  m,  1363  s,  1393  m,  1425  m.  1465  s,  1628  m  cm-\ 

l-Iodo-3-bromo-2  -methoxy -5,5 -dimethylhexene-3.  To  a  solution  of  28  g  of  tert-butylbromoprene  in  50  ml 
of  methanol  were  added  30  g  of  mercuric  oxide  and  37  g  of  powdered  iodine  in  small  portions  at  5-10*.  The  mix¬ 
ture  was  stirred  for  several  more  hours.  At  the  end  of  the  reaction,  the  unreacted  mercuric  oxide  and  the  mercurous 

iodide  were  removed  by  filtration  and  washed  with  methanol  on 
the  filter.  The  alcohol  solution  of  the  iodo  ether  was  diluted 
with  water  and  tlie  ether  separated,  washed  free  from  alcohol 
with  a  saturated  solution  of  CaClg,  dried,  and  vacuum  distilled. 

We  obtained  8.2  g  of  unreacted  diene,  33  g  of  the  iodo  ether 
(51*70  yield),  and  4  g  of  a  residue. 

B.  p.  95-97*  (2  mm),  d^®  1.6334,  1.5320,  MR  65.83; 

calc.  64.40. 

Found  *70:  Br  +  I  59.50,  59.66.  CgHicOBrl.  Calculated  *70: 

Br  +  1  59.59. 

Infrared  spectrum;  815  m,  852  m,  893  m ,  952m  , 

975  w,  1020  w,  1043  w,  1112  v.s,  1177  s,  1207  s,  1253  m  , 

1294  w,  1316  w,  1401  v.  w,  1418  m  ,  1467  s,  1631  m  cm'‘. 

To  a  boiling  solution  of  22  g  of  the  iodo  ether  in  methanol 
was  slowly  added  a  15*70  solution  of  KOH  (l(77o  excess).  When 
all  the  alkali  had  been  added,  the  reaction  mixture  was  heated 
for  a  further  2  hr  and  then  the  reaction  products  steam  distilled. 

The  yield  of  3-bromo-2 -methoxy -5, 5-dimethylhexadiene-l,3 
was  48*70. 

B.p.  84-86°  (10  mm),  d^4®  1.1816,  i^®  1.4922,  MR  53.97;  calc.  52.24. 

Found  *70;  Br  35.48,  35.58.  CgHigOBr.  Calculated  *70;  Br  36.47. 

A  6  g  sample  of  the  diene  bromo  ether  was  hydrolyzed  by  heating  (60-80*)  for  8  hr  with  40  ml  of  8*70  H2SO4. 

The  reaction  products  were  extracted  with  ether. 

We  obtained  3.4  g  of  a  slightly  impure  bromo  ketone  with  b.p.  79-82*  (10  mm)  ti^  1.4880. 

A  2.898  g  sample  of  the  bromo  ketone  was  hydrogenated  in  25  ml  of  methanol  in  the  presence  of  5  g  of  Pd/CaCOj. 
The  substance  absorbed  548  ml  of  H2  (772  mm,  20°)  which  corresponds  to  80®7o  of  the  calculated  amount.  We  isolated 
about  0.8  g  of  methyl  neohexyl  ketone  from  the  reaction  mixture  by  the  method  described  above.  It  had  b.p.  70-71* 

(35  mm),  d^®  0.8185,  ng  1.4165. 


1000  cm"^ 


Fig.  2.  Infrared  transmission  spectra.  1) 
Methyl  neohexyl  ketone  obtained  from  the 
iodo  ether;  2)  the  same  ketone  obtained 
by  the  method  described  in  the  literature. 
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The  infrared  spectrum  of  the  substance  is  given  in  Fig.  2  (curve  1). 

The  2,4-dinitTophenylhydrazone  had  m.p.  108”.  A  mixed  melting  point  with  the  2,4-dinitrophenylhydrazone 
of  audiendc  methyl  neohexyl  ketone  was  not  depressed. 

The  authentic  methyl  neohexyl  ketone  was  obtained  by  the  action  of  methyl  vinyl  ketone  on  tert-butylmag- 
nedum  bromide  [6].  It  had  b.p.  69-71*  (35  mm),  d^®  0.8148,  n”  1.4180. 

The  infrared  spectrum  is  given  in  Fig.  2  (curve  2). 

The  2,4-dinitrophenylhydrazone  had  m.p.  108*. 

The  infrared  spectra  of  all  the  substances  were  plotted  on  an  IKS -14  spectrophotometer  with  a  NaCl  prism. 

SUMMARY 

1,  The  action  of  benzosulfodibromamide  and  iodine  and  mercuric  oxide  on  alcohol  solutions  of  a-tert-butyl- 
bromoprene  yielded  the  corresponding  ethers  of  the  bromo-  and  iodohydrins. 

2.  From  the  methyl  ethers  of  the  bromo-  and  iodohydrins  we  obtained  a-tert -butyl- y -methoxybromoprene 
and  hydrolysis  of  this  yielded  3-bromo-5,5-dimethylhexen-3-one-2.  The  latter  was  converted  into  methyl  neohexyl 
ketone  by  exhaustive  hydrogenation. 
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Catalytic  hydrogenation  of  vinylacetylenes  has  attracted  the  attention  of  chemists  for  a  long  time  as  one  of 
the  possible  methods  of  synthesizing  1,3 -dienes,  i.e.,  monomers  for  the  production  of  synthetic  rubber.  Available 
literature  data  on  this  problem  shows  that  the  triple  bond  is  most  reactive  toward  catalytically  excited  hydrogen, 
regardless  of  the  structure  of  the  enynes.  No  addition  of  hydrogen  at  the  double  bond  or  in  the  1,4-position  has  been 
observed  in  any  case.  Only  the  ratio  between  the  amounts  of  1,3 -dienes  and  the  products  of  their  further  hydrogena¬ 
tion,  namely,  olefins,  depends  on  the  structure  of  the  hydrocarbons:  enynes  with  a  terminal  acetylene  group  give  a 
considerably  higher  yield  of  dienes  than  vinylalkylacetylenes  at  tfie  same  degree  of  hydrogenation  [1-5]. 

As  it  was  shown  previously  that  silicon -containing  enynes  behave  differently  from  enyne  hydrocarbons  in 
bromination  [6]  and  the  addition  of  alkyllithiums  and  lithium  amides  [7],  it  seemed  interesting  to  study  the  effect 
of  a  silicon  atom  at  the  triple  bond  on  the  order  of  addition  of  catalytically  excited  hydrogen  to  silicon -containing 
enynes  of  various  structures. 

There  is  the  report  in  the  literature  that  l-triethylsilylbuten-3-yne-l  adds  hydrogen  in  the  presence  of 
Pd/CaCO^  predominantly  at  the  triple  bond  with  the  formation  of  l-trielhylsilylbutadiene-1,3.  The  structure  of  the 
latter  was  demonstrated  by  means  of  the  adduct  with  maleic  anhydride  and  the  Raman  spectrum  and  the  authors 
reported  that  the  products  obtained  contained  some  of  the  starting  and  an  acetylenic  (addition  at  the  double  bond) 
silicohydrocarbon  [8], 

We  hydrogenated  silicon -containing  enynes  at  room  temperature  in  methanol  in  the  presence  of  Pd/CaCO^. 
The  substances  hydrogenated  contained  a  methyl  group  in  various  positions  in  the  enyne  system  [1-trimethylsilyl- 
buten-3-yne-l  (I),  l-trimethylsilylpenten-3-yne-l  (II),  l-trimethylsilyl-3-methylbuten-3-yne-l  (III),  and  also  1- 
trimetiiylsilylethynylcyclohexene-1  (IV)]  and  with  various  substituents  at  the  silicon  atom  [1-trIethylsilyl-  and  1- 
triphenylsilylbuten-3-yne-l  (V)  and  (VI)],  The  reaction  was  either  stopped  after  the  addition  of  1  mole  of  hydrogen 
per  mole  of  starting  material  or  allowed  to  continue  to  completion. 

In  all  the  cases  investigated,  the  curves  of  the  rate  of  exhaustive  hydrogenation  showed  two  clearly  expressed 
maxima  (Fig.  1)  corresponding  to  the  addition  of  approximately  0.8  and  1.4  mole  of  hydrogen.  The  addition  of  a 
third  mole  of  hydrogen  proceeded  very  slowly.  The  initial  hydrogenation  rate  fell  very  slightly  when  a  substituent 
was  introduced  into  the  enyne  system. 

This  form  of  the  hydrogenation  rate  curve  might  have  been  interpreted  as  the  result  of  quite  strict  selectivity 
in  the  hydrogenation.  However,  experiments  on  hydrogenation  at  a  reagent  ratio  of  1  :  1  showed  diat  there  was  no 
strict  selectivity  here. 

One  might  have  expected  the  formation  of  silicohydrocarbons  of  the  three  following  types  as  a  result  of  the 
addition  of  1  mole  of  hydrogen  to  the  enynes  investigated : 

RoSi— CH=CH— C=CH-R",  R3Si-C=C-CH— GHj-R", 

I  'I 

R'  R' 

R,Si-CH=C=r,^CH,-R". 

1 

R' 


•  Enyne  compounds.  LV, 
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The  structures  of  die  hydrogenation  products  actually  obtained  were  demonstrated  by  the  infrared  spectra  and 
diemical  methods. 

Comparison  of  the  infrared  spectra  of  the  hydrogenation  products  and  the  starting  sili cohydrocarbons  showed 
that  in  all  cases  hydrogenation  led  to  new  disubstituted  acetylenes  (Fig.  2).  A  characteristic  intense  band  at  about 
2150  cm**^  corresponds  to  the  acetylene  bond  in  silicon -containing  enynes.  The  acetylenic  silicohydrocarbon  formed 
by  hydrogenation  absorbed  at  about  2170  cm~^  This  band  of  the  acetylene  bond  was  extremely  intense,  indicating 
that  die  hydrogenation  products  contained  a  considerable  amount  of  acetylenes. 


Time  (min) 

Fig.  1.  Curves  of  hydrogenation  rate.  1)  1-Trimethylsilylbuten- 
3-yne-l;  2)  l-trimethylsilylpenten-3-yne;  3)  1-trimethylsilyl- 
3-methylbuten-3-yne-l;  4)  1-trimethylsilylethynylcyclohexene-l. 

The  infrared  spectra  of  most  of  the  hydrogenation  products  diowed  a  new  band  in  the  region  of  1940  cm"^  of 
medium  or  low  intensity.  The  absorption  in  this  region  indicated  the  formation  of  a  small  amount  of  allenes,  i.e., 
partial  addition  of  hydrogen  in  die  1,4-position.  The  spectra  of  the  hydrogenation  products  of  the  silicohydrocarbons 
(II)  and  (IV),  which  do  not  contain  vinyl  groups,  did  not  show  absorption  in  the  region  of  1940  cm"^  and  consequently 
1,4-addition  of  hydrogen  did  not  occur. 

The  preferential  addition  of  hydrogen  at  the  double  bond  was  also  indicated  by  chemical  methods  of  estab¬ 
lishing  the  structures  of  the  hydrogenation  products. 

The  gaseous  hydrocarbons  formed  by  hydrolytic  cleavage  of  the  hydrogenation  products  of  the  silicohydrocarbon 
(I),  of  which  60^0  reacted,  contained  about  9S7o  of  acetylenes  and  only  2^o  of  dienes.  Judging  by  the  infrared  spec¬ 
trum,  the  unreacted  part  of  the  material  hardly  differed  in  composition  from  the  latter. 

Ozonization  of  the  same  hydrogenation  products  yielded  propionic,  acetic,  and  oxalic  acids.  The  formation 
of  acetic  acid  demonstrates  the  partial  addition  of  hydrogen  in  the  1,4 -position.  The  formation  of  propionic  acid 
(the  main  oxidation  product)  confirms  the  acetylenic  structure  of  the  bulk  of  the  hydrogenation  products. 

It  should  be  noted  that  a  comparison  of  the  constants  of  the  hydrogenation  products  and  known  trialky Isilyl - 
alkadienes-1,3  also  indicated  the  formation  of  acetylene  and  not  diene  adducts  during  hydrogenation.  The  latter 
have  considerably  higher  refractive  indices.  Thus,  for  example,  l-trimethylsilylbutadiene-1,3  has  np  1.4478  [9,  10], 
while  die  hydrogenation  products  of  the  silicohydrocarbon  (I),  which  could  have  contained  this  diene,  had  np  1.4310. 
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Fig.  2.  Infrared  transmission  spectra  of  the  hydrogenation  products 
of  enyne  silicohydrocarbons  (at  a  ratio  of  1  ;  1).  1)  1-TrimethyI- 
silylbuten-3-yne-l;  2)  l-trimethylsilylpenten-3-yne-l;  3)  1- 
trimethylsilyl-3-methylbuten-3-yne-l;  4)  1-trimethylsilyIethnyl- 
cyclohexene-1;  5)  triethylsilylbuten-3-yne,-l;  6)  1-triphenylsilyl- 
buten-3-yne-l. 

Thus,  it  was  demonstrated  that  enyne  silicohydrocarbons  may  be  hydrogenated  on  palladium  in  all  three  possible 
directions,  but  the  predominating  direction  is  hydrogenation  at  the  double  bond.  This  direction  becomes  almost  the 
sole  one  in  the  case  of  the  silicohydrocarbons  (V)  and  (VI)  with  bulky  substituents  in  position  1,  Consequently,  die 
substances  investigated  behave  quite  differently  from  enyne  hydrocarbons  toward  catalytically  excited  hydrogen. 

The  difference  in  the  behavior  of  enyne  hydrocarbons  and  silicohydrocarbons  in  catalytic  hydrogenation  is 
most  probably  connected  with  the  effect  of  steric  factors  in  the  heterogeneous  process.  The  presence  of  a  bulky  sub¬ 
stituent  at  the  triple  bond  hinders  the  adsorption  of  enyne  silicohydrocarbons  at  this  bond  and  therefore  the  adsorp¬ 
tion  and,  consequently,  hydrogenation  occur  at  the  double  bond. 

Since  the  ethylene  bond  is  hydrogenated  much  more  readily  than  the  acetylene  bond  [11],  the  ratio  of  the 
rates  of  addition  of  the  first  and  second  moles  of  hydrogen  in  the  case  of  enyne  silicohydrocarbons  is  different  from 
that  for  hydrocarbons  of  analogous  structure. 

An  increase  in  steric  hindrance  leads  to  an  appreciable  decrease  in  the  rate  of  hydrogenation  of  the  silico- 
hydrocarbon  (IV)  in  comparison  with  (I)  and  others.  The  particularly  low  rate  of  hydrogenation  of  l-triphenylsilyl- 
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TABLE  1.  Conditions  and  Results  of  Hydrolytic  Cleavage  of  l-Trimethylsilylbuten-3- 
yne-1  (1) 


Cleaving  agent 

Time  mixture 

boiled  (hr) 

Percent 

cleavage 

Content  in  gas  of  total 
unsaturateds) 

■ 

dienes 

3(f/o  KOH  in  water 

3 

20 

98 

Not  determined 

22?7o  KOH  in  CH3OH 

8 

50 

95 

2.2 

23^7o  KOH  in  C2H5OH 

6 

45 

94 

Not  determined 

3  g  of  Na  in  15  ml  of  CgHyOH 

6 

57 

88 

The  same 

2.5  g  of  NaNH2  in  10  ml  of 

xylene 

2.5 

36 

95.9 

«  ft 

buten-3-yne-l  is  probably  also  caused  by  a  reduction  in  the  electron  density  at  the  double  bond  as  a  result  of  the 
peculiar  polarization  of  this  substance  [6]:  it  is  adsorbed  much  less  on  palladium  and  consequently  is  hydrogenated 
more  slowly. 


TABLE  2.  Constants  of  Exhaustive  Hydrogenation  Products  of  Enyne  Silicohydro- 
carbons 


Substance 

Boiling 

point 

Comments 

(Cl  13)38  i-C4Hn-n 

114-115® 

115 

0.7194 

0.7181 

1.4030 

1.4030 

Our  data  [15] 

(€113)381 — Cr,II|i-  n 

139 

139 

0.7294 

0.7313 

1.4102 

1.4096 

Out  data  [15] 

(Cll3)38i-Cll2-CIIa-CH(CIl3)2 

131-131.5 

131,5 

0.7302 
0.7322 
(at  15°) 

1.4088 

Our  data  [16] 

(CII.,),Si-Cll2-CIl2-Cn-CH 
/  \ 

CII2  CH2 

\  / 

CII2-CH2 

96-97 
(at  20mm) 

0.8210 

1.45C0 

Our  data 

EXPERIMENTAL 

All  the  starting  silicohydrocarbons  apart  from  (Ill)  were  prepared  by  the  action  of  appropriate  acetylenylmag- 
nesium  bromides  on  trialkyl-  and  triarylhalosilanes.  The  silicohydrocarbon  (III)  was  obtained  by  dehydration  of  the 
corresponding  silicon -containing  alcohol.  The  constants  of  all  the  substances  were  close  to  those  presented  in  the 
literature  [6,  8,  12-14], 

The  hydrogenation  apparatus  was  described  previously.  The  experiments  were  carried  out  at  room  temper¬ 
ature  in  methanol  with  shaking  at  120  vibrations/min. 

Hydrogenation  of  l-trimethylsilylbuten-3-yne-l.  a)  A  12.3989  g  sample  of  substance  (I)  in  20  ml  of  methanol 
was  hydrogenated  over  4  g  of  Pd/CaCO^  for  40  min  up  to  the  abscxption  of  2540  ml  of  Hg  (767.5  mm,  18.5"),  which 
corresponds  to  1  mole  (+S^)  of  hydrogen  per  mole  of  substance.  The  alcohol  solution  of  reaction  products  was  sepa¬ 
rated  from  the  catalyst  by  decantation.  The  silicohydrocarbons  were  isolated  by  saturation  of  the  solution  with  calcium 
chloride.  The  mobile  oil  obtained  was  washed  again  with  saturated  CaClg  solution,  dried  over  baked  CaCl2,  and 
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TABLE  3.  Conditions  and  Results  of  Hydrogenation  of  Enyne  SiUcohydrocarbons  (in  a  ratio  to  hydrogen  of  1  :  1) 
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distilled  at  80  mm  on  a  Widmer  column.  We  obtained  the 
following  fractions  from  11.8  g  of  crude  prcxluct;  1st  up 
to  49.5%  0.8  g;  2nd,  49.5-50”,  7.2  g  (d^®  0.7482,  n{}  1.4310); 
3rd,  50-52”,  1.3  g;  4th  (residue)  0.2  g. 

Analysis  of  main  (2nd)  fraction. 

Found  1o:  c  66.46,  67.01;  H  11.83,  11.94;  Si  21.66, 
21.69.  C7H,4Si.  Calculated®/®:  C  66.62;  H  11,18;  Si  22.22. 

No  adduct  was  obtained  when  1.26  g  of  the  substance 
was  heated  with  1  g  of  maleic  anhydride  .n  benzene  on  a 
boiling  water  bath  for  5  hr  (in  a  sealed  tube). 

The  hydrolytic  cleavage  of  the  substance  was  carried 
out  under  the  following  conditions.  Into  a  three -necked 
flask  fitted  with  a  magnetic  stirrer  and  a  reflux  condenser, 
whose  upper  end  was  connected  to  a  gas  bunette,  were 
placed  a  sample  of  the  substance  and  the  cleaving  agent. 
When  the  evolution  of  gases  ceased,  the  system  was  flushed 
with  nitrogen.  The  mixture  of  gases  obtained  was  analyzed 
on  a  VTI  gas  analyzer.  The  experimental  results  are  given 
in  Table  1. 

Ether  extraction  of  the  ozonization  products  of  the 
main  substance  (8.1  g)  yielded  acetic  acid  (b.p.  50-52”  at 
50  mm,  identified  by  an  indigo  test  with  an  alkaline  so¬ 
lution  of  o-nitrobenzaldehyde),  oxalic  acid  (m.p.  101”), 
and  propionic  acid  (b.p.  56-60”  at  50  mm,  np  1.3874). 

Analysis  of  the  silver  salt  of  propionic  acid. 

Found ‘7®:  C  19.62;  H  2.77.  QHsOiAg.  Calculated ‘7®: 
C  19.92;  H  2.78. 

b)  In  the  exhaustive  hydrogenation  of  3.4745  g  of 
l-trimetiiylsilylbuten-3-yne-l  (I)  in  20  ml  of  methanol  in 
the  presence  of  3.2  g  of  Pd/CaC03,  2048  ml  of  112(748 mm, 
19”),  was  absorbed  and  this  corresponds  to  98^®  of  the  cal¬ 
culated  amount.  Treatment  of  the  reaction  mixture  by  the 
method  described  above  yielded  2.9  g  (9(77®)  of  trimethyl- 
butylsilane  with  the  constants  given  in  Table  2. 

Hydrogenation  of  l-trimethylsilylethynylcyclo- 
hexen-1  (IV).  Exhaustive  hydrogenation  of  the  sillco- 
hydrocarbon  (IV)  gave  an  85*7®  yield  of  trimethyl  -  5  -cyclo- 
hexylethylsilane  with  the  constants  given  in  Table  2. 

Found  *7®:  C  71.67,  71.86;  H  13.33,  13.32;  Si  14.98, 
15.25.  CuH24Si.  Calculated  *7®:  C  71.64;  H  13.13; 

Si  15.22. 

Hydrogenation  of  silicohydrocarbons  (II),  (HI),  (V), 
and  (VI).  The  conditions  and  results  of  hydrogenation  of 
the  above  enyne  silicohydrocarbons  with  a  ratio  to  hy¬ 
drogen  of  1  :  1  are  given  in  Table  3.  The  constants  of 
the  exhaustive  hydrogenation  products  of  the  same  sub¬ 
stances  are  given  in  Table  2. 
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SUMMARY 

1.  The  catalytic  hydrogenation  of  six  enyne  silicohydrocarbons  on  palladium  was  investigated. 

2.  It  was  shown  that  the  main  direction  of  the  process  is  the  addition  of  hydrogen  at  die  double  bond.  At  die 
same  time,  there  is  the  formation  of  1,3 -dienes  (addition  at  die  triple  bond)  and  allenes  (addition  in  the  1,4 -position). 

3.  The  differences  in  the  direction  of  catalytic  hydrogenation  of  enyne  silicohydrocarbons  and  hydrocarbons 
are  explained  by  the  effect  of  steric  factors  in  the  heterogeneous  process. 
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TO  SOME  OXIDES  OF  ALKADIENES-1,3 

G.  A.  Balaev,  V.  M.  Al’bitskaya,  and  A.  A.  Petrov 

Lensovet  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchel  Khimil,  Vol.  31,  No.  6, 

pp.  1861-1869,  June,  1961 

Original  article  submitted  June,  29,  1960 


The  literature  contains  relatively  few  data  on  the  addition  of  imines  to  a -oxides.  The  addition  of  ethylenimine 
to  ethylene,  propylene,  methylethylethylene,  styrene,  and  propenylbenzene  oxides  has  been  described  [1],  A  large  num¬ 
ber  of  studies  have  been  devoted  to  the  reaction  of  oxides  with  alkanolamines  and,  in  particular,  the  addition  of  ethanol- 
amines  to  propylene  and  a-butylene  oxides  has  been  described  [2].  In  all  the  cases  investigated,  the  direction  of  addi¬ 
tion  was  in  accordance  with  A.  K.  Krasuskil’s  rule. 

We  studied  the  addition  of  ethylenimine  and  ethanolamine  to  the  following  diene  oxides:  butadiene  oxide  (1,2- 
epoxybutene-3),  isoprene  oxide  (l,2-epoxy-2-methylbutene-3),  piperylene  oxide  (3,4-epoxypentene-l),  and  chloro- 
prene  oxide  (1,2-epoxy -3-chlorobutene-3). 

The  fOTmation  of  two  isomeric  adducts  of  types  (A)  and  (B)  could  be  expected  in  each  case. 

CHj  =  CX-CR-CH-NR'R"  (A)  CH2  =  CX-CR-CHR’-OH  (B) 

OH  R’  NR-R" 


In  actual  fact,  by  distillation  of  the  reaction  products  we  isolated  only  the  adducts  of  type  (A).  The  constants 
and  yields  of  the  amines  obtained  are  given  in  Table  1. 

The  products  from  the  addition  of  ethylenimine  to  isoprene  and  piperylene  oxides  were  quite  stable.  They  did 
not  change  when  stored  under  tire  normal  conditions  for  5  months.  At  the  same  time,  the  addition  product  of  ethyen- 
imine  and  chloroprene  oxide  changed  to  a  clear  solid  resin  after  2  months. 

The  polymerization  capacity  of  the  unsaturated  imines  obtained  apparently  corresponds  to  the  polymeriza¬ 
tion  capacity  of  the  starting  dienes  and  oxides. 

The  direction  of  addition  of  ethylenimine  and  ethanolamine  to  isoprene  oxide  was  established  in  the  following 
way.  The  adduct  of  ethylenimine  and  the  above  oxide  (I)  was  converted  by  hydrogenation  into  l-ethylamino-2- 
methylbutanol-2  (II),  which  was  also  formed  by  hydrogenation  of  l-ethylamino-2-methylbuten-3-ol-2,  die  adduct  of 
ethylamine  and  isoprene  oxide,  whose  structure  was  demonstrated  previously  [3].  The  imine  investigated  was  also 
hydrated  to  vinylmethyldiethanolamine  (III),  which  was  formed  by  the  addition  of  ethanolamine  to  isoprene  oxide. 
Thus,  it  was  demonstrated  that  the  adducts  of  isoprene  oxide  with  ethanol-  and  ethylamines  have  the  same  structure. 


In  the  case  of  piperylene  oxide,  we  investigated  only  the  addition  of  ethylenimine  and  the  structure  of  the 
adduct  (IV)  was  demonstrated  by  identification  of  its  hydrogenation  product  with  the  hydrogenation  product  of  the 
adduct  of  ethylamine  and  the  same  oxide  (V). 


CH, 

CH,=CH-C-Cn,NHC,H, 

(in 


H.| 

i 

CH, 

CH,-CH,-C-CH,NHC,H, 

OH 

(II) 


CH, 

I 

CH,=CH-C - OH, 

\o/ 


CH, 

NH,CH,CH,OH  I 

- ►  CH,=CH-C-CH,NHCH,CH,OH 

I 

OH  (III) 


(I) 


OH 
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— CH2=CH-CH-CH-CIl3- 


\o/ 


/CH. 
hn/  I 
^CH, 


CH2=CH-CHOH-CH-NIIC2ll5 

h.I 


CH2=CH-CH0H-CH-N<'T  ^ 
I  1  \CH2 

H,  (IV)  CH3 


CH3-Cll2-CHOn-CH-NHC2ll5 


I 

CH, 


(V) 


The  structure  of  the  adduct  of  ethylenimine  and  chloroprene  oxide  (VI)  was  demonstrated  analogously.  Catalytic 
hydrogenation  of  It  yielded  l-ethylaminobutanol-2  (VIl),  which  was  also  formed  by  hydrogenation  of  the  adduct  of 
ethylamine  and  butadiene  oxide. 


CH, 


/CH, 

''<U 

CIl2=CCl-CII-CH2 - —■*  CH2=CCI-CII0II-(:H2— N<  I 

(VI)  ^ 


H, 


CH3-CH2-CHOH-C1I2NHC2H5 

(VII) 


The  amines  were  identified  from  their  constants,  the  melting  points  of  their  picrolonates  (mixed  melting  points), 
and,  finally,  from  the  infrared  spectra. 


1600  mo  1200  1000  800  cm 


Fig.  1.  Infrared  transmission  spectra. 
1)  l-Ethylenimino-2-methylbuten - 
3-01-2;  2)  4-ethyleniminopenten-l- 
ol  - 3 ;  3)  1-ethylenimino  - 3  -  chloro- 
buten  -3-0I-2. 


Fig.  2.  Infrared  transmission  spectra.  1)1- 
Ethanoliminobuten-3-ol-2;  2)  1-ethanol- 
imino-2  -methylbuten-3-ol-2  (from  isoprene 
oxide  and  ethanolamine):  3)  1-ethanolamino- 
2-methylbuten-3-ol-2  (obtained  by  hydration 
of  the  imine);  4)  l-ethanolamino-3-chloro- 
buten-3-ol-2. 
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The  infrared  spectra  of  all  the  adducts  of  ethylenimine  indicated  that  they  were  at  least  predominantly  the 
corresponding  secondary  or  tertiary  alcohols  of  type  (A)  (Fig.  1).  The  tertiary  hydroxyl  group  of  the  adduct  of 
ethylenimine  and  isoprene  oxide  was  apparently  characterized  by  the  frequency  1124  cm“*.  The  secondary  hydroxyl 
group  of  the  other  two  adducts  (with  piperylene  and  chloroprene  oxides)  were  characterized  by  the  frequency  1085  cm"^. 
The  spectra  of  all  the  adducts  of  ethylenimine  showed  no  appreciable  absorption  in  the  region  of  1020-1060  cm"', 
where  primary  alcohols  normally  absorb.  The  frequencies  of  about  1130  or  1170  cm"'  apparently  belonged  to  CN 
vibrations. 

In  the  infrared  spectra  of  the  adducts  of  ethanolamine,  the  bands  of  hydroxyls  of  different  natures  were  not 
differentiated,  but  the  band  of  OC  vibrations  was  displaced  toward  lower  frequencies  (Fig.  2). 

The  spectra  of  all  the  substances  clearly  showed  characteristic  frequencies  of  unsaturated  groupings.  The 
most  important  frequencies  of  the  amines  and  imines  obtained  are  given  in  Table  2. 

Thus,  chemical  and  physical  data  indicate  that  like  other  amines  [3-8],  ethylenimine  and  ethanolamine  add 
to  alkadiene  oxides  exclusively  or  almost  exclusively  according  to  A.  K.  Krasuskii’s  rule  with  the  famation  of  ad¬ 
ducts  of  type  (A). 

The  hydrogenation  of  the  addition  products  of  ethylenimine  and  alcadiene  oxides  was  stepwise:  after  the  rapid 
absorption  of  sufficient  hydrogen  to  saturate  a  double  bond  (and  also  reduce  a  chlorine  atom  in  the  case  of  chlaro- 
prene  oxide),  there  was  a  sharp  fall  in  the  hydrogenation  rate  (Fig.  3).  It  should  be  noted  that  the  hydrogenation  of 
a-ethylenimino  ketones  also  proceeded  selectively  and  it  was  possible  to  isolate  a-ethylenimino  alcohols  [16], 

A  polymer  was  formed  when  the  adduct  of  ethylenimine  and  chloroprene  oxide  was  hydrogenated. 

The  literature  contains  reports  on  the  ease  of  hydration  of  imines  in  acid,  neutral,  and  alkaline  media  [9,  10]. 
At  the  same  time,  ethylenimine  is  known  to  show  a  tendency  for  polymerization  in  an  acid  medium  [11],  In  an 
attempt  to  hydrate  the  addition  products  of  ethylenimine  and  isoprene  and  chloroprene  oxides  in  an  acid  medium, 
we  obtained  polymers.*  Analysis  of  the  polymers  for  nitrogen  (and  chlorine  in  the  case  of  the  adduct  of  ethylen¬ 
imine  and  chloroprene  oxide),  the  presence  of  double  bonds,  and  the  infrared  spectra  of  the  polymers  diowed  that 
polymerization  proceeded  through  opening  of  the  imine  ring.  The  polymers  contained  unsaturated  and  alcohol  groups 
in  the  side  chain.  The  infrared  spectra  of  the  polymers  retained  the  frequencies  of  the  double  bond  (1635  cm"'),  the 
alcohol  group,  the  corresponding  unsaturated  grouping  (CH2=  CH— 922  and  951  cm"',  CH2=  C  889  cm"')  present  in 
the  starting  monomer  (Fig.  4).  The  polymers  evidently  had  the  following  structure  (with  R  =  H  or  CH3  and  X  =  H 
or  Cl): 


p  _N-CH2-CH2-—| 


CH2 

I 

R— C-OIi 


L  cx=cii2 


!n 


An  attempt  to  hydrate  the  addition  product  of  ethylenimine  and  isoprene  oxide  in  a  neutral  medium  also  led 
to  polymers.  In  an  attempt  at  hydration  in  an  alkaline  medium,  the  starting  material  was  recovered  after  the  re¬ 
action  mixture  had  been  boiled  for  7  hr.  Heating  with  alkali  in  a  sealed  glass  tube  at  130-140’  for  50  hr  yielded  a 
small  amount  of  hydration  products  together  with  the  starting  material  and  polymers. 

l-Ethylenimino-3-chlorobuten-3-ol-2  (the  adduct  from  chloroprene  oxide)  could  not  be  hydrated;  a  polymer 
was  obtained  under  all  conditions. 

Thus,  literature  reports  on  the  ease  of  addition  of  water  to  ethylenimines  were  not  confirmed  in  the  case  of 
our  products. 


*  Polymerization  of  the  imines  was  also  observed  when  they  were  treated  with  picrolonic  acid. 
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TABLE  1.  Constants,  Yields,  and  Analytical  Data  for  the  Amino  Alcohols  Obtained  and  Their 
Picrolonates 


Substance 

? 

2!  E 

d.- 

MR 

f 

•S  »  ° 

5  o  3 

QQ  CX  M 

found 

calc. 

T3 

S) 

•pH 

cii2=cii-(:(cii.,)(oii  )-cn2-  n-cMz-cii., 

1  1 

74.5-75® 

(20) 

0.9449 

1.4650 

37.21 

37.32 

70 

cii2=cii-ciion-cii(Cii3)-N-cno-cH2 

1  ■  I 

80-81 

(20) 

0.9475 

1.4660 

37.18 

37.32 

38 

(:H,=cci-ciioii-cH2-N-cn2-cii2 
! _ 1 

92.5-93.5 

(20) 

1.1491 

1.4922 

37.57 

37.28 

44 

CFl2=(:iI-CII0II-CH2-NII-CH2-CIl20H  • 

138-138.5 

(5) 

1.0547 

1.4887 

35.87 

36.09 

44 

CH2=CII-C(CII.iH0II)-C:il2-NH-CH2-CH20II** 

123.5-124 

(5) 

1.0249 

1.4812 

40.33 

40.71 

70 

CH2=cn-c(cii3)(oii)-ci!2-Nn-cH2-cn20H 

120-134 

(5) 

— 

1.4792 

— 

cn2=cci-ciioii-cM2-Nii-cn2-CH20ii 

153-153.5 

(5) 

1.2145 

1.5081 

40.66 

40.96 

64 

cii2=cn-cnoii-cH(cii;,)-Nn-cn2-cn3 

78-79 

(20) 

0.8932 

1.4512 

38.67 

38.09 

48 

ciij-ci?,-ciion-cii(cii3)-Nn-cii2-cn, 

79-80 

(20) 

79-80 

(20) 

0.8802 

1.4417 

39.42 

39.25 

81 

cn3-cii2-ciioii-cii{cii;,)-Nii-(;n2-cn3 

0.8924 

1.4430 

38.98 

39.25 

80 

cir3-cii2-C(CH3)(OM)-cii2-Nii-cii2-cir, 

74-74.5 

(20) 

0.8783 

1.4405 

39.41 

39.25 

85 

cii,-cii,-(:(cii3)(on)-ciij-Nn-ci!j-cnj*** 

74  (20) 

0.8734 

1.4378 

39.42 

39.25 

75 

*  The  following  constants  are  given  for  this  substance  in  the  literature  [15]:  b.p.  125.5° 
(2.5  mm),  d||  1.054,  nf)  1.4860. 

*  *  Obtained  by  hydration  of  the  imine. 

*  *  *  Obtained  by  addition  of  ethylamine  to  the  oxide  and  then  hydrogenation. 


Fig.  3.  Curves  of  hydrogenation  rate.  1)  l-Ethylenimino-2-methylbuten-3-ol-2; 
2)  4-ethyleniminopenten-l-ol-3;  3)  l-ethylenimino-3-chlorobuten-3-ol-2. 
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TABLE  1  (continued) 


Found  (•/.) 

Empirical 

formula 

Calculated 

% 

Picrolonates 

Melting  point 

•/.N 

c 

H 

N 

Cl 

C 

H 

N 

Cl 

found 

calc. 

65^7, 

10.53, 

11.27, 

C7H,30N 

66.10 

10.30 

11.01 

_ 

_ 

65.74 

10.41 

10.92 

65.82. 

10.48, 

11.07, 

C7H13ON 

66.10 

10,30 

11.01 

— 

— 

— 

— 

65.53 

10.55 

11.01 

48.78. 

6.89. 

9.47, 

23.75, 

C,HioONCl 

48.82 

6J3 

9.49 

24.02 

— 

— 

— 

48.51 

7.03 

9.55 

24.00 

54.96, 

10.27, 

10.66, 

_ 

C6H13O2N 

54.93 

9,99 

10.68 

— 

194.5-195° 

17.67, 

17.72 

54.84 

10.19 

10.67 

17.73 

57.81, 

10.52, 

9.68, 

C7H15O2N 

57.90 

10.41 

9.64 

— 

165-165.5 

16.63, 

16.72 

58.10 

10.36 

9.45 

16.52 

— 

— 

— 

— 

— 

— 

— 

— 

164—165 

— 

43.61, 

7.52, 

8.54, 

21.83, 

CeHi202NCl 

43.51 

7.30 

8.46 

21.41 

186-186.5 

16.13, 

16.30 

43.60 

7.46 

8.36 

21.56 

16.20 

64.72, 

12.15, 

10.88, 

_ 

C7H,60N 

65.07 

11.80 

10.84 

— 

— 

— 

— 

64.53 

12.18 

10.90 

63.18, 

13.13, 

10.68, 

C7H17ON 

64.07 

13.06 

10.68 

— 

181-182 

17.80, 

17.72 

63.03 

13.14 

10.67 

17.67 

— 

— 

— 

— 

— 

— 

— 

182-183 

— 

— 

63.36, 

13.07, 

10.46, 

C7H17ON 

64.07 

13.06 

10.68 

_ 

210-210.5 

17.62, 

17.72 

63.29 

13.10 

10.70 

17.73 

210—210.5 

TABLE  2.  Most  Important  Frequencies  in  the  Infrared  Spectra  of  Adducts  of  Ethylenimine 
and  Ethanolamine  with  Alkadiene  Oxides  (in  cm"^) 


Substance 

’O-C 

’N-C 

’C=C 

9 

*CH,=CH 

*CH,=C<^ 

CH,=CH-COH-CH,-N-CH,-CH, 

1  1  1 

CH, 

1122 

1176 

1 

1642 

922  1012 

— 

CH,=CH-CHOH-CH-N-CH,-CH, 

1  1  1 

CH, 

1085 

1125 

1641 

922  994 

— 

CH,=CCl-CHOH-CH,-N-CH,-CH, 

1085 

1173? 

1630 

—  — 

894 

CH,=CH-CHOH-CH,-NHCH, 

CHjOH 

1053 

1117 

1646 

1 

923  992 

— 

CH,=CH-COH-CH,-NHCH, 

1  1 

CH,  CHjOH 

10.55 

1175 

1643 

919  995 

— 

C.H,=CCI-CHOH-CH,-NHr.H, 

1 

CHjOH 

1062 

117.5? 

16.34 

— 

890 
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Fig.  4.  Infrared  transmission  spectra  of 
CCI4  solutions  of  the  polymers.  1)  1-Ethylen- 
imino-2-methylbuten-3-ol-2;  2)  1-ethylen- 
Im  ino  -3  -  ch  lorob  uten  -3  -  ol  -2 . 
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Fig.  5.  Infrared  transmission  spectra.  1)  1- 
Ethylamino-2-methylbuten-3-ol-2  (5^o  so¬ 
lution  in  CCI4);  2)  l-ethylamino-2 -methyl- 
butanol -2  (obtained  by  hydrogenation  of  the 
imine);  3)  l-ethylamino-2-methylbutanol-2 
(obtained  by  hydrogenation  of  1-ethylamino- 
2-methylbuten-3-ol-2);  4)  2-ethylamino- 
pentanol-3  (obtained  by  hydrogenation  of  the 
imine):  5)  2-ethylaminopentanol-3  (obtained 
by  hydrogenation  of  4-ethylaminopenten-l- 
ol  -3). 

•  The  infrared  spectra  are  compared  in  Fig.  5. 


EXPERIMENTAL 

The  alkadiene  oxides  were  obtained  from  butadiene  and 
Isoprene  through  the  chlorohydrins  [12],  from  chloroprene  through 
the  bromohydrin  [13],  and  from  piperylene  by  oxidation  with 
acetyl  or  benzoyl  hydroperoxide  [14]. 

1.  Addition  of  Ethylenimine 

1.  Ethylenimino-2-methylbuten-3-ol-2  (1).  To  7  g  (50^o 
excess)  of  ethylenimine  containing  a  few  drops  of  water  was 
added  9  g  of  isoprene  oxide  dropwise  at  room  temperature.  The 
reaction  mixture  was  then  heated  at  80*  for  10  hr.  After  the 
heating,  the  volatile  substances  were  removed  in  a  water -pump 
vacuum.  The  residue  was  distilled  at  20  mm.  The  constants, 
analysis  results,  and  yields  of  all  the  products  are  given  in  Table  1. 

A  2  g  sample  of  the  iminol  (1)  in  25  ml  of  methanol  was 
subjected  to  exhaustive  hydrogenation  over  2  g  of  Pd/CaCO^. 

The  substance  absorbed  753  ml  of  H2  (770  ml,  16°),  which  corre¬ 
sponds  to  101*70  of  theoretical.  The  first  mole  of  hydrogen  was 
added  in  15  min  and  then  the  hydrogenation  rate  fell  sharply  and 
the  addition  of  the  second  mole  of  hydrogen  required  a  further 
16.5  hr.  After  the  hydrogenation,  the  catalyst  was  removed  by 
filtration  and  the  solution  distilled.  We  obtained  1-ethylamino- 
2-methylbutanol-2  (II)  with  the  constants  given  in  Table  1. 

The  same  product  was  obtained  by  hydrogenation  of  4.1  g 
of  l-ethylamino-2 -methylbuten-3-ol-2,  which  was  described 
previously.*  The  substance  absorbed  720  ml  of  H2  (758  mm,  18°), 
which  corresponds  to  93*7o  of  theoretical,  in  30  min.  The 
picronate  of  the  substance  did  not  depress  the  melting  point  of 
the  picrolonate  of  the  product  obtained  by  reduction  of  the 
imine. 

A  3  g  sample  of  the  iminol  (I)  was  heated  with  8.5  ml  of 
water  (20 -fold  excess)  and  0.1  g  of  KOH  in  a  sealed  lube  at 
130-140°  for  50  hr.  The  reaction  products  were  salted  out  with 
potassium  carbonate,  dried  with  potassium  carbonate,  and  vacu¬ 
um  distilled.  We  obtained  a  small  amount  of  the  substance  (III) 
with  b.p.  120-135°  and  np  1.4792,  from  which  we  obtained  a 
picrolonate  with  m.p.  164-165°  that  did  not  depress  the  melting 
point  of  the  picrolonate  of  the  adduct  of  ethanolamine  and  iso¬ 
prene  oxide. 

Hydration  of  the  iminol  (I)  in  the  presence  of  catalytic 
amounts  of  sulfuric  acid  yielded  a  polymer.  It  was  purified  by 
two  reprecipitations  from  alcohol.  The  alcohol  solution  was 
evaporated  on  glass  to  give  a  thin  film,  which  was  dried  at  room 
temperature  and  analyzed. 

Found  *7o:  N  10.94,  11.09.  Double  bonds  1.03.  C7H13ON. 
Calculated  “T":  N  11.01.  Double  bonds  1.0. 

4-Ethyleniminopenten-l-ol-3  (IV).  This  compound  was 
obtained  analogously  to  the  previous  amino  alcohol. 

When  1.87  g  of  the  substance  (IV)  was  hydrogenated,  it 
absorbed  606  ml  of  H2  (767  mm,  23°),  which  corresponds  to  101*7o 
of  theoretical.  The  2-ethylaminopentanol-3  (V)  formed  was 
isolated  in  the  usual  way. 
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The  same  product  was  obtained  by  hydrogenation  of  2.1  g  of  4-ethylaminopenten-l-ol-3  (obtained  from 
piperylene  oxide  and  ethylamine).  The  substance  absorbed  392  ml  of  H2  (758  mm,  18*),  which  corresponds  to  98f^ 
of  theoretical. 

A  mixed  melting  point  of  the  picrolonates  of  the  two  samples  of  2-ethylaminopentanol-3  was  not  depressed. 

l-Ethylenimino-3-chlorobuten-3-ol-2  (VI).  Chloroprene  oxide  reacted  with  ethylenimine  extremely  vigorously 
at  room  temperature  with  the  ejection  of  the  reaction  mixture  from  the  flask.  The  reaction  mixture  had  to  be  cooled. 

To  chloroprene  oxide  cooled  in  iced  water  was  added  7.5  g  (5(f}o  excess)  of  ethylenimine.  The  mixture  was 
left  for  20  hr  at  0-5'  and  then  distilled  at  5  mm.  The  initial  distillation  had  to  be  carried  out  in  a  good  vacuum  as 
together  with  addition  of  ethylenimine  to  the  oxide,  there  was  also  polymerization  of  the  amino  a  -xihol  (VI)  and 
distillation  at  too  high  a  pressure  could  lead  to  vigorous  decomposition  of  the  product. 

The  second  distillation  could  be  carried  out  at  a  higher  pressure.  The  constants  of  tfie  substance  are  given  In 
Table  1. 

The  clear,  yellow,  low-melting  polymer  obtained  by  storage  of  the  iminol  (VI)  for  2  months  was  purified  by 
reprecipitation  from  alcohol  with  water,  cast  as  a  film,  dried,  and  analyzed. 

Found  *70:  N  9.09,  8.70;  Cl  24.40,  24.49.  Double  bond  1.02.  CjHjjONCl.  Calculated  N  9.49;  Cl  24.02. 
Double  bond  1,00. 

2.  Addition  of  EthanoLimine 

Ethanolimine  was  added  to  butadiene,  isoprene,  and  piperylene  oxides  under  identical  conditions.  The  ap¬ 
propriate  oxide  was  added  dropwise  with  cooling  and  stirring  to  a  3-4  fold  excess  of  a  ^0  aqueous  solution  of  ethanol¬ 
imine  and  after  the  mixture  had  stood  for  2  days,  the  reaction  products  and  excess  ethanolimine  were  salted  out  with 
potassium  carbonate,  dried  with  potassium  carbonate,  and  vacuum  distilled.  The  constants  and  analytical  data  are 
giyen  in  Table  1. 

The  reaction  of  ethylamine  with  piperylene  oxide  was  carried  out  analogously. 

SUMMARY 

1.  The  addition  of  ethylenimine  to  isoprene,  piperylene,  and  chloroprene  oxides  and  of  ethanolamine  to 
butadiene,  isoprene,  and  chloroprene  oxides  was  investigated. 

2.  On  several  examples  it  was  shown  that  the  addition  proceeds  exclusively  or  almost  exclusively  acccvding 
to  A.  K.  Krasyuskii*s  rule. 

3.  We  investigated  the  catalytic  hydrogenation  and  hydration  of  the  adducts  of  ethylenimine  and  alkadiene 
oxides  and  also  the  structure  of  the  polymers  of  these  substances  formed  during  storage  or  during  chemical  conver¬ 
sions.  It  was  shown  that  polymerization  proceeds  through  the  imine  ring. 
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In  a  previous  communication  [1]  we  presented  the  results  of  a  study  of  the  ctMnposition  of  the  Cjo -fraction  of 
the  telomer  of  isoprene  and  its  hydrochlorides.  It  was  shown  that  in  addition  to  the  main  product,  geranyl  chloride, 
this  fraction  contained  linalyl  chloride,  a  nonallyl  aliphatic  isomer,  a  cyclic  terpinyl  chloride,  and  a  dimer  of  iso¬ 
prene  hydrochlorides.  Pure  geranyl  chloride  could  not  be  isolated  from  the  mixture. 

This  high  content  of  isomers  has  considerably  hampered  the  use  of  synthetic  geranyl  chloride  directly  in  a  series 
of  syntheses  of  various  terpene  compounds.  Up  to  now  the  only  method  of  using  the  geranyl  chloride  in  the  telomer 
in  die  synthesis  of  ter|)ene  derivatives  has  been  its  conversion  to  citral  by  the  Sommelet  method  [2].  Due  to  the  high 
content  of  isomers,  up  to  now  it  has  also  been  impossible  to  use  the  higher  homologs  of  geranyl  chloride  formed  in 
parallel  with  the  latter  in  telomerization  [3]. 

The  author  recently  reported  the  development  of  a  new  chemical  method  of  separating  some  organic  halogen 
derivatives  [4].  The  experimental  and  theoretical  basis  of  this  method  are  given  below  and  its  application  to  the 
telomerization  products  of  isoprene  is  reported. 

The  present  work  represents  a  continuation  of  the  search  for  efficient  methods  of  isolating  from  the  telomeriza¬ 
tion  products  of  isoprene  and  its  hydrochlorides  geranyl  chloride  and  its  homologs  in  a  pure  form  ac  in  the  form  of 
derivatives  which  are  of  interest  for  the  direct  synthesis  of  a  series  of  valuable  terpene  compounds. 

A  study  was  ftrst  made  of  the  possibility  of  using  the  Sommelet  reaction  for  converting  the  higher  homologs  of 
geranyl  chloride  into  aldehydes  analogous  to  the  preparation  of  citral  from  the  Cjo-fraction  [2],  As  a  result  of  the 
thermal  instability  of  terpene  halogen  derivatives,  the  only  convenient  method  of  isolating  the  fraction  of  sesquiter¬ 
pene  chlorides  from  the  telcMuer  was  azeotropic  distillation  of  the  mixture  of  higher  telomers  in  vacuum  with  super¬ 
heated  ethylene  glycol  vapor.  We  isolated  the  Cjs -fraction  in  a  yield  of  15-2(flo  on  the  starting  telomer  and  its  con¬ 
tent  of  primary  allyl  sesquiterpene  chlcarides  was  about  The  compound  with  urotropin  was  obtained  in  high 
yield  from  the  chlorides.  However,  attempts  to  convert  this  compound  into  the  aldehyde  did  not  give  positive  results. 
It  is  evident  that  a  successful  Sommelet  reaction  with  aliphatic  halogen  derivatives  requires  continuous  removal  of 
the  aldehyde  formed  from  the  reaction  mixture  and  in  the  case  of  higher  homologs  of  citral,  this  is  difficult  due  to 
the  low  volatility  of  these  compounds  in  steam. 

A  series  of  experiments  was  also  carried  out  on  the  preparation  of  pure  allyl  derivatives  as  alcohols  or  acetic 
esters  from  the  mixture  of  chlorides  [5].  These  methods  also  gave  unsatisfactory  results  because  of  contamination  of 
the  reaction  products  by  isomeric  hydroxy  and  halo  derivatives. 

The  formation  of  benzyl  and  allyl  halides  by  thermal  decomposition  of  their  compounds  with  tertiary  amines 
has  been  described  in  the  literature  [6]. 

In  view  of  the  similarity  in  the  chemical  nature  of  the  halogen  atom  of  allyl  chloride  and  the  halogen  atoms 
of  geranyl  chloride  and  its  homologs,  in  the  present  work  we  studied  the  reactions  of  geranyl  chloride  with  some 
tertiary  amines  and  the  thermal  decomposition  of  the  compounds  obtained  in  order  to  determine  the  possibility  of 
using  the  above  reaction  for  the  selective  extraction  of  geranyl  chloride  and  its  homologs  from  the  mixture  of  isomers. 
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To  study  the  kinetics  of  the  reaction,  we  used  geranyl  chloride  obtained  from  linalool  by  treatment  with  hy¬ 
drogen  chloride  [7],  As  analysis  showed,  hydrochlorination  of  linalool  formed  a  mixture  of  terpene  chltxides  con¬ 
taining  about  6(f7o  of  geranyl  chloride.  The  mixture  of  chlorides  was  used  for  the  known  reaction  with  pyridine  [8] 
and  a  good  yield  of  geranylpyridinium  chloride  was  obtained.  The  thermal  decomposition  products  of  the  latter 
were  found  to  be  terpene  hydrocarbons.  A  further  study  of  this  reaction  was  therefore  of  no  interest  in  the  present 
work. 

The  reaction  of  geranyl  chloride  with  N,N-dimethylaniline  was  studied  in  more  detail.  To  determine  the  course 
of  the  reaction,  at  each  stage  we  determined  the  amount  of  unreacted  geranyl  chloride  and  the  amount  of  ammonium 
salts  obtained  according  to  chlcxine.  For  this  purpose,  the  reaction  products  were  dissolved  in  water  and  the  un- 
reacted  chlorides  extracted  from  the  mixture  with  ligroin.  As  analysis  showed,  the  reaction  proceeded  comparatively 
slowly  at  room  temperature.  The  application  of  heat  to  accelerate  the  reaction  did  not  give  the  desired  results  as 
the  geranyldimethylphenylammonium  chloride  famed  at  room  temperature  dissociated  at  higher  temperatures  to 
form  the  starting  amine  and  geranyl  chloride  (see  table,  exp.  2).  The  reaction  was  therefore  carried  out  at  room 
temperature  in  the  rest  of  the  investigation. 

Analysis  of  the  aqueous  solution  of  reaction  products  showed  that  it  contained  more  ammonium  salts  than  the 
amount  corresponding  to  the  geranyl  chloride  which  reacted.  It  was  established  that  the  excess  ammonium  salts  were 
dimethylaniline  hydrochloride,  which  was  formed  by  elimination  of  hydrogen  chloride  from  the  isomeric  tertiary 
chlorides  and  for  complete  extraction  of  the  geranyl  chloride  it  was  necessary  therefore  to  take  excess  amine  for 
binding  the  hydrogen  chloride  eliminated  from  the  isomeric  tertiary  chlorides. 

A  study  of  the  reaction  kinetics  (see  table)  showed  that  the  time  required  for  the  reaction  of  geranyl  chloride 
with  dimethylaniline  was  about  20  days  at  20-30";  more  than  90^  of  the  geranyl  chloride  taken  reacted  in  this  case. 

Attempts  to  isolate  the  geranyldimethylphenylammonium  chloride  formed  from  the  reaction  products  in  a 
crystalline  state  did  not  give  positive  results.  The  problem  of  purifying  and  isolating  the  tertiary  ammonium  salts 
was  solved  successfully  by  the  use  of  selective  extraction  with  immiscible  solvents.  For  this  purpose,  the  reaction 
product  was  dissolved  in  dilute  hydrochloric  acid  and  impurities  removed  by  washing  with  ligroin.  It  was  found  that 
the  quaternary  ammonium  salt  could  be  isolated  efficiently  by  salting  it  out  from  the  aqueous  solution  with  crystal¬ 
line  potassium  carbonate  and  drying  a  solution  of  it  in  a  mixture  of  dichloroethane  and  toluene  with  baked  potassium 
carbonate.  The  yield  of  geranyldimethylphenylammonium  chloride  isolated  was  92f7o  of  the  geranyl  chloride  taken. 

The  residue  after  evaporation  of  the  solvent  was  decomposed  at  110-115*  in  vacuum  with  simultaneous  dis¬ 
tillation  of  the  substances  formed.  After  removing  the  dimethylaniline,  from  the  distillate  we  isolated  the  chloride 
in  a  yield  of  88^o  on  the  salt  taken  for  decomposition.  Analysis  showed  that  it  contained  987<>  of  primary  allyl  chloride.. 
Hydrolysis  of  it  yielded  linalool  with  some  geraniol. 

The  results  obtained  indicate  that  the  chloride  isolated  was  geranyl  chloride  (possibly  a  mixture  of  cis  and 
trans  isomers),  free  from  other  isomeric  chlorides. 

The  method  developed  was  used  to  extract  geranyl  chloride  from  the  Cio"fraction  of  the  telomer  of  isoprene 
and  its  hydrochlorides.  As  a  result,  identical  geranyl  chloride  was  isolated  in  a  yield  of  more  than  S(fh  on  that 
determined  in  the  starting  mixture. 

In  the  extraction  of  the  higher  homologs  of  geranyl  chloride  from  the  Cjs  and  higher  fraction  by  the  method 
developed,  difficulties  were  encountered  in  the  purification  of  the  quaternary  ammonium  salts  obtained  as  they  are 
active  emulsifiers.  These  difficulties  could  be  eliminated  by  the  choice  of  appropriate  selective  solvents.  It  was 
found  that  ethylene  glycol  was  suitable  for  extraction  of  farnesyldimethylphenylammonium  chloride  and  methanol 
for  the  isolation  of  the  higher  homologs. 

As  a  result  of  the  work,  from  the  Cis-fraction  we  obtained  a  7^o  yield  of  a  primary  allyl  sesquiterpene  chloride 
(probably  farnesyl  chloride)  and  from  the  residue  of  higher  telomers,  a  mixture  of  higher  primary  allyl  halogen 
derivatives.  Work  on  the  elucidation  of  the  structure  of  the  latter  compounds  is  continuing. 

The  method  developed  offers  wide  possibilities  of  using  telomers  of  isoprene  and  halogen  derivatives  for  the 
direct  synthesis  of  a  series  of  valuable  terpene  compounds. 
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Isolation  of  Cis-Fraction  from  the  Telomer  of  Isoprene  and  Its  Hydrochloride,  Re- 
actlon  with  Urotropin,  and  Isolation  of  Quaternary  Base 

The  telomer  used  in  the  work  was  obtained  as  reported  previously  [3]  with  a  degree  of  telomer ization  of  3Cf7o. 

The  residue  of  polyterpene  chlorides  of  die  telomer  (527«)  after  removal  of  the  Cio -fraction,  was  subjected  to  azeotropic 
distillation  with  superheated  (120-130")  ethylene  glycol  vapor  at  a  pressure  of  2-5  mm  with  a  temperature  of  100*  in 
the  still.  The  yield  was  36*70  (on  the  mixture  of  polyterpene  chlwides  taken).  The  product  had  d^®  0.95-0.965,  n^ 
1.488-1.495. 

The  content  of  primary  allyl  sesquiterpene  chlorides  was  497»  [9]. 

An  80  g  sample  of  the  fraction  obtained  was  dissolved  in  400  ml  of  anhydrous  acetone  and  stirred  at  room  tem¬ 
perature  with  23  g  of  urotropin  for  80  hr.  The  crystalline  salt  of  the  quaternary  base  liberated  was  separated  by  fil¬ 
tration,  washed  with  acetone,  and  dried  in  vacuum.  The  yield  was  56  g. 

Found  *70:  Cl  10.87.  [CijHjs  •  QlInNJ+cr.  Calculated  *70:  Cl  9.32. 

Boiling  20  g  of  the  salt  obtained  with  formaldehyde  solution  [2]  yielded  a  tarry  product,  which  could  not  be 
distilled  with  ethylene  glycol  vapor. 

A  30  g  sample  of  the  quaternary  salt  was  dissolved  in  100  ml  of  water  and  a  100  ml  of  25*70  ammonia  solution 
and  25  g  of  207o  sodium  hydroxide  solution  was  added  with  stirring.  The  oil  liberated  was  extracted  with  toluene, 
washed  with  \(fJo  ammonia  solution  and  saturated  potassium  carbonate  solution,  and  dried  over  potassium  hydroxide. 
After  removal  of  the  toluene  at  150-50  mm,  the  residue  was  dried  in  vacuum  at  60*  for  30  min  and  cooled  in  vacu¬ 
um.  We  obtained  21  g  of  a  viscous  hygroscopic  oil.  No  traces  of  chlorine  were  detected  in  the  substance. 

For  determination  of  the  content  of  quaternary  hydroxyl  groups,  a  sample  of  the  oil  (1  g)  was  dissolved  in  20  ml 
of  a  5*7»  solution  of  formaldehyde  and  titrated  with  0.5  N  hydrochloric  acid  in  the  presence  of  methyl  red. 

Found  *70:  N  15.38;  OH  4.68.  CjsHjs  •  CBH12N4  •  OH.  Calculated  *70:  N  15.47;  OH  4.69. 

Decomposition  of  Gerany  Ipyridinium  Chloride 

Geranylpyridinium  chloride  was  obtained  from  gerany  1  chloride  and  pyridine  in  83*7®  yield  [8]. 

Founds®:  Cl  13.91.  [CioHjy  •  CgUsNl+Cr.  Calculated  *7®:  Cl  14.09. 

The  salt  obtained  (30  g)  was  heated  in  vacuum  to  120-140*  (2-3  mm).  A  small  amount  of  oil  (11  g)  distilled. 
Washing  the  distillate  with  dilute  hydrochloric  acid  and  drying  over  anhydrous  calcium  chloride  yielded  a  terpene 
hydrocarbon  (8  g)  with  b.p.  45-55*  (5  mm),  d^®  0.822,  np  1.478. 

Kinetics  of  the  Reaction  of  Geranyl  Chloride  with  Dimethy laniline 

A  definite  amount  of  dimethylaniline  was  dissolved  in  a  mixture  of  terpene  chlorides  obtained  by  the  reaction 
of  linalool  with  hydrogen  chloride  [7]  and  the  mixture  kept  for  a  definite  time. 

The  ammonium  salts  formed  were  dissolved  in  water  and  the  unreacted  chlorides  extracted  with  ligroin. 

The  content  of  unreacted  geranyl  chloride  in  the  extract  was  determined.  The  total  content  of  chlorine  ions 
and  the  amount  of  chlorine  in  the  form  of  hydrochloric  acid  (by  titration  with  alkali  in  the  presence  of  phenol- 
phthalein)  in  the  aqueous  layer  were  determined.  From  the  analysis  results  we  found  the  amount  of  bound  chlorine 
in  the  aqueous  solution,  expressed  in  grams  of  geranyl  chloride. 

The  results  of  the  investigation  are  given  in  the  table. 

Isolation  of  Geranyl  Chloride  from  Mixture  of  Terpene  Chlorides  Obtained  by  Hydro- 
chlorination  of  Linalool  ~ 

Freshly  distilled  dimethylaniline  (129  g)  was  dissolved  in  197  g  of  a  mixture  of  terpene  chlorides  obtained  by 
the  reaction  of  linalool  with  hydrogen  chloride  and  containing  6^7®  of  geranyl  chloride. 

After  tile  mixture  had  stood  at  20-30*  for  19  days,  200  ml  of  ligroin  was  added  and  the  reaction  product  ex¬ 
tracted  with  300  ml  of  4.S7®  hydrochloric  acid.  The  hydrochloric  acid  solution  of  salts  was  washed  repeatedly  with 
ligroin  until  the  residue  after  evaporation  of  the  ligroin  extract  no  longer  had  an  odor.  The  reaction  product  was  then 
salted  out  by  saturation  of  the  solution  with  crystalline  potassium  carbonate  and  dried  over  baked  potassiuih  car¬ 
bonate.  We  obtained  272  g  of  a  thick  oily  substance. 
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Kinetics  of  the  Reaction  of  Geranyl  Chloride  with  Dime  thy  laniline 
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The  content  of  geranyldimetliylphenylammonium 
chloride  in  the  product  was  l(fh  (on  chlorine  ion).  The 
yield  was  92f7o  on  the  geranyl  chloride  taken. 

For  drying,  86.5  g  of  the  quaternary  ammonium 
salt  isolated  was  dissolved  in  67  g  of  dichloroe thane, 
which  was  then  removed  at  a  pressure  of  150-50  mm. 
The  residue  was  decomposed  by  distillation  at  2  mm 
with  a  temperature  of  110-120“  in  the  still.  The  di- 
methylaniline  was  extracted  from  the  distillate  by 
washing  with  S7o  hydrochloric  acid  solution  and  the 
residual  geranyl  chloride  was  washeu  with  saturated 
calcium  chloride  solution  and  dried  over  anhydrous 
calcium  chloride.  Vacuum  distillation  yielded  30  g 
of  substance. 

B.  p.  76-79“  (4  mm),  d^®  0.9195,  np  1.4790. 

Found  *Vo;  Cl  20.11  (total).  Cl  20.03  (primary 
allyl)  [9].  Bromine  number  187.4.  CjoHitCI.  Cal¬ 
culated  Cl  20.53.  Bromine  number  185. 

A  solution  of  20  g  of  the  chloride  isolated  in 
70  ml  of  acetone  was  added  to  50  ml  of  a  5^®  aqueous 
solution  of  sodium  bicarbonate  with  stirring.  The  mix¬ 
ture  was  stirred  at  room  temperature  for  16  hr.  After 
removal  of  the  acetone,  the  alcohols  were  extracted 
with  toluene  and  dried  over  anhydrous  potassium  car¬ 
bonate.  Vacuum  distillation  yielded  the  following 
fractions: 

1)  Tertiary  alcohol  (11  g)  with  the  odor  of 
linalool;  b.p.  80-83“  (10  mm),  d^®  0.8636,  n”  1.4628. 

Found  “yo:  CioHitOH  96.6  (by  dehydration). 

Linalool  [5]^  b.p.  80-82“  (10  mm),  dj®  0.8664, 
1.4622. 

2)  Primary  alcohols  (3.5  g)  with  the  odor  of 
geraniol:  b.p.  100-112“  (10  mm),  d4®  0.873,  np 
1.473. 

Found  1oi  C10H17OH  78.3  (by  phthalylation  in 
pyridine). 

After  the  primary  alcohols  had  been  isolated 
from  the  2nd  fraction  through  the  acid  phthalic  ester 
[10],  we  obtained  the  following  product: 

B.  p.  105-111“  (10  mm),  d4®  0.8792,  ng  1.4755. 

Nerol  [5]:  b.p.  103-105“  (10  mm),  d^®  0.8762, 
ni^  1.4744. 

Geraniol  [5]:  b.p.  109-110“  (10  mm),  dV*  0.8806, 
nJJ  1.4760. 

Isolation  of  Geranyl  Chloride  from  a 
Mixture  of  Terpene  Chlorides  Obtained 


For  the  investigation  we  used  a  fraction  of  terpene  chlorides  from  a  telomer  obtained  in  the  presence  of  an¬ 
hydrous  stannic  chloride  [3]  and  containing  56f7o  of  geranyl  chloride. 

Dimethylaniline  (40  g)  was  dissolved  in  60  g  of  the  fraction  of  terpene  chlorides.  The  mixture  was  kept  at 
room  temperature  for  15  days  and  then  100  ml  of  ligroin  added  to  it;  the  geranyldimethylphenylammonium  chloride 
formed  and  excess  dimethylaniline  were  extracted  with  100  g  of  3lo  hydrochloric  acid.  The  purification  and  isola¬ 
tion  were  as  in  the  previous  experiment.  To  a  solution  of  the  product  obtained  in  40  g  of  dichloroethane  was  added 
toluene  until  turbidity  appeared  (38  g)  and  the  solution  dried  over  baked  potassium  carbonate.  The  solvent  was  re¬ 
moved  at  150-50  mm  and  the  residue  decomposed  at  115-120*  (2  mm).  The  distillate  obtained  was  dissolved  in  lig¬ 
roin  and  the  solution  treated  with  a  4lo  solution  of  concentrated  hydrochloric  acid  in  a  2(flo  solution  of  calcium  chloride 
and  tfien  with  a  4(f}o  solution  of  calcium  chloride  and  dried  over  anhydrous  calcium  chloride.  After  removal  of  the 
solvent  under  reduced  pressure,  vacuum  distillation  of  the  residue  yielded  28  g  of  geranyl  chloride  (83.5‘7o  of  that 
found  in  the  starting  mixture). 

B.p.  77-79*  (4  mm),  d^®  0.9203,  n{^  1.4793. 

Found  Cl  20.33;  Cl  (primary  allyl)  20.26.  Bromine  number  185.8.  CiqHitCI.  Calculated  *7o;  Cl  20.53. 

Bromine  number  185. 

Hydrolysis  of  the  chloride  isolated  under  the  conditions  given  above  yielded  linalool  with  some  (20^o)  of  a 
geraniol— nerol  fraction. 

Linalool:  b.p.  80-83*  (10  mm),  dj®  0.8630,  n^  1.4630. 

Nerol -geraniol:  b.p.  104-110*  (10  mm),  d^®  0.8795,  ng  1.4757. 

Isolation  of  Primary  Allyl  Chlorides  from  Higher  Telomers  of  Isoprene 

For  the  investigation  we  used  a  mixture  of  polyterpene  chlorides  which  remained  in  the  still  after  the  isolation 
of  the  fraction  of  terpene  chlorides  from  the  telomer. 

To  75  g  of  the  mixture  of  polyterpene  chlorides  was  added  50  g  of  dimethylaniline  and  the  mixture  left  at 
room  temperature  for  30  days.  Then  0.5  liter  of  ligroin  was  added  to  the  reaction  mixture  and  the  quaternary  am¬ 
monium  salts  formed  were  extracted  with  150  ml  of  methanol.  The  methanol  extract  was  washed  repeatedly  with 
ligroin,  50  ml  of  dichloroethane  added,  and  the  solution  diluted  with  4(Fjo  calcium  chloride  solution  until  two  layers 
formed.  The  dichloroethane  solution  of  the  quaternary  ammonium  salts  liberated  was  washed  several  times  with  4(Flo 
calcium  chloride  solution  and  dried  over  anhydrous  calcium  chloride.  After  the  removal  of  the  dichloroethane  under 
reduced  pressure,  the  residue  was  decomposed  at  100-115*  (3  mm)  until  the  liberation  of  dimethylaniline  ceased.  The 
mixture  of  chlorides  remaining  in  the  still  was  dissolved  in  50  ml  of  ligroin  and  the  solution  washed  with  2*7<>  hydro¬ 
chloric  acid  and  a  20^o  solution  of  calcium  chloride  and  dried  over  anhydrous  calcium  chloride.  Removal  of  the  sol¬ 
vent  in  vacuum  yielded  25.5  g  of  a  mixture  of  primary  allyl  polyterpene  chlorides. 

Found  Cl  (total)  11.8;  Cl  (primary  allyl)  11.5.  CgHj^CsHg^jCl.  Calculated  *1o:  ci  11.50. 

Isolation  of  Primary  Allyl  Sesquiterpene  Chloride 

For  the  isolation  we  used  a  Cis-fraction  isolated  from  a  mixture  of  polyterpene  chlorides  of  a  telomery  by  dis¬ 
tillation  with  ethylene  glycol  vapor. 

Dimethylaniline  (20  g)  was  dissolved  in  30  g  of  the  Cjs-fraction.  After  the  reaction  mixture  had  been  kept  at 
room  temperature  for  30  days,  it  was  diluted  with  200  ml  of  ligroin  and  the  ammonium  salts  formed  were  extracted 
with  100  ml  of  ethylene  glycol.  The  ethylene  glycol  solution  was  washed  with  ligroin  until  the  impurities  disappeared 
and  then  saturated  with  potassium  carbonate. 

The  product  liberated  was  extracted  with  dichloroethane,  washed  with  a  saturated  aqueous  solution  of  potas¬ 
sium  carbonate,  diluted  with  toluene,  and  dried  over  baked  potassium  carbonate.  After  removal  of  the  solvents, 
the  substance  was  decomposed  as  in  the  previous  experiment. 

Distillation  of  the  residue  with  ethylene  glycol  vapor  yielded  a  primary  allyl  sesquiterpene  chloride  (11  g)  vrith 
dj®  0.920,  n”  1.491. 

Found  *70:  Cl  (total)  14.36;  Cl  (primary  allyl)  14.11.  Bromine  number  197.3.  Cj5H25Cl.  Calculated ‘l/o;  Cl  14.72. 
Bromine  number  198.9, 
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SUMMARY 

1.  From  the  telomer  of  isoprene  with  its  hydrochlorides  was  isolated  a  C|5-fraction  containing  50^  of  a  primary 
allyl  chloride  and  it  was  shown  that  the  latter  could  not  be  converted  to  an  aldehyde  by  the  Stnnmelet  method. 

2.  The  reaction  of  the  mixture  of  terpene  chlorides  with  pyridine  and  dimcthylaniline  was  studied  and  it  was 
established  that  only  primary  allyl  chlorides  reacted  when  the  reaction  mixture  was  not  heated. 

3.  The  thermal  decomposition  of  the  geranylpyridinium  and  geranyldimethylphenylammonium  chlorides 
isolated  was  studied  and  it  was  found  that  the  compounds  widi  pyridine  decompose  to  form  terpene  hydrocarbons, 
while  the  compounds  with  dimcthylaniline  decompose  to  form  the  starting  primary  allyl  chloride  and  amine. 

4.  A  method  was  developed  for  isolating  the  primary  allyl  chlorides  from  the  mixture  of  isomers  in  mwe  than 
BOlo  yield  by  converting  them  to  compounds  with  dimcthylaniline  and  subsequently  decomposing  the  quaternary  am¬ 
monium  salts  isolated. 

5.  The  method  developed  was  used  to  isolate:  1)  geranyl  chloride  from  mixtures  of  terpene  chlorides  ob¬ 
tained  by  hydrochlorination  of  linalool  and  by  telomerization  of  isoprene  with  its  hydrochlorides;  2)  a  primary  allyl 
sesquiterpene  chltwide  (probably  farnesyl  chloride)  from  the  Cjj -fraction  of  the  telomer  of  isoprene  with  its  hydro¬ 
chlorides;  3)  higher  primary  allyl  chlorides  of  the  telomer. 
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In  a  previous  communication  [1]  we  presented  data  on  the  kinetics  of  hydrogenation  of  benzene,  pyridine,  and 
pyrrole  on  rhodium,  which  were  obtained  to  study  the  effect  of  conjugation  energy  on  the  hydrogenation  rate.  This 
investigation  Is  extended  to  furan,  thiophene,  and  ferrocene  in  the  present  communication.  The  experimental  pro  - 
cedure  and  catalyst  were  the  same. 

Hydrogenation  of  Furan 

In  contrast  to  the  hydrogenation  of  benzene,  pyridine,  and  pyrrole  [1],  in  the  hydrogenation  of  furan  (chemically 
pure  grade  distilled  over  sodium  and  having  b.p.  31-32“  (748  mm),  1.4218,  d4®  0.9371)  it  was  found  that  the  re¬ 
action  rate  and  the  form  of  the.  kinetic  (or,  correspondingly,  concentration)  curve  depended  to  a  considerable  extent 


TABLE  1.  Hydrogenation  of  Furan  on  a  Rhodium  Catalyst  [Solvent:  C2H5OH  +  NaOH 

(0.0018?o)] 


/|.S 

i9 

.W 

:.i 

:.2 


:.3 

r.4 

r)5 

r)6 

,'■>7 

.58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 


0.0887  0.0869 


0.0646 

0.1262 

0.1262 

0.1320 


0.0243 

0.0198 

0.0262 

0.0282 

0.0233 

0.0289 

0.0289 

0.1262 

0.1039 

0.1140 


0.0638 

0.1240 

0.1210 

0.1490 


0.0238 

0.0194 

0.02.56 

0.0276 

0.0228 

0.0284 

0.028 

0.1240 

0.1020 

0.1110 


0.2064  0.2028 
0.1125  0.1100 


0.1 5or 

0.1505 

0.1505 

0.1505 

0.1505 

0.1505 


0.1477 

0.1477 

0.1477 

0.0492 

0.3162 

0.1477 


58.4 

42.4 
83.6 
83.0 

103.0 


16.0 

13.1 

17.4 

18.5 

15.3 
19.0 
19.0 
83.0 

67.3 

74.6 

136.1 
74.0 

99.0 

99.0 

99.0 

99.0 

99.0 

99.0 


.58.1 

42.2 

82.8 

81.7 

99.6 


15.9 
13.0 

17.1 

18.2 

15.1 

18.9 
19.0 
81.8 
67.0 
74.4 

135.8 

73.6 

98.8 

98.2 
98.1 

98.6 
98.8 

98.7 


19.0° 

19.0 

10.0 

10.0 

10.0 


10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

5.0 

5.0 

5.0 

10.0 

5.4 

0.6 

10.0 

10.0 

10.0 


0.5 

0.5 

1.0 

1.0 

0.5 


0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.1 

0.1 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 


7.1 

6.4 

5.7 

6.8 
7.3 
7.0 


Catalyst  not  presaturated 
Catalyst  from  exp.  48 
Catalyst  not  presaturated 
Catalyst  from  exp.  50 
0.12  ml  of  tetrahydrofuran  added, 
catalyst  not  presaturated 

Catalyst  not  presaturated 


Catalyst  from  exp.  53 


Catalyst  not  presaturated 
Catalyst  from  exp.  60 
Catalyst  presaturated  (1.5  hr) 

I  Catalyst  from  exp.  62 


Catalyst  presaturated  (2.5  hr) 
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on  die  presaturation  of  the  catalyst.  By  presaturation  we  mean 
treatment  of  the  catalyst  with  hydrogen  before  die  introduction  of 
the  substance  hydrogenated  until  the  catalyst  no  longer  absorbed 
hydrogen  [2].  When  furan  was  hydrogenated  on  a  catalyst  that 
had  not  been  presaturated  or  treated  at  all,  the  hydrogenation  rate 
(AV/ At)  increased  widi  an  increase  in  the  degree  of  conversion 

(2{-) 

y  =  — jr  —  -  (where  V  is  the  volume  of  hydrogen  absorbed  be¬ 

tween  two  adjacent  values  of  time ^  and  Vq  is  the  amount  ab¬ 
sorbed  for  complete  hydrogenation).  This  incret  ^  was  sometimes 
insignificant  (Fig.  1,  curve  48),  but  most  often  it  was  very  con¬ 
siderable  (Fig.  2,  curves  50  and  51;  the  numbers  of  the  curves 
correspond  to  the  numbers  of  the  experiments  in  Tables  1  and  2). 

It  might  have  been  assumed  that  this  form  of  the  concentration 
curve  was  caused  by  the  effect  of  some  reaction  products.  How¬ 
ever,  it  was  found  that  the  addition  of  the  product  of  complete 
hydrogenation  of  furan,  namely,  tetrahydrofiiran  (b.p.  65*,  n^ 
1.4031),  to  the  catalyst  before  the  beginning  of  hydrogenation 
did  not  produce  tlie  expected  effect:  the  "hump"  on  the  curve 
was  not  eliminated  (Fig.  3,  exp.  52).  It  could  also  have  been 
assumed  that  some  intermediate  hydrogenation  products  produced 
the  effect.  The  following  experiment  was  therefore  carried  out: 
hydrogenation  was  stopped  when  the  reaction  rate  began  to  in¬ 
crease.  The  reaction  mixture  was  rapidly  transferred  to  another 
hydrogenation  flask  containing  a  fresh  portion  of  catalyst,  the 
normal  amount  of  furan  added,  and  hydrogenation  begun.  However, 
in  this  case  also  the  observed  increase  in  the  reaction  rate  did 
not  disappear  if  the  catalyst  had  not  been  saturated.  We  there¬ 
fore  considered  that  the  observed  effect  could  depend  on  the  hy  - 
drogen  concentration  on  the  catalyst  surface.  The  following  ex¬ 
periments  were  carried  out:  after  a  hydrogenation  had  been 
carried  out  on  a  partly  saturated  catalyst  (Fig.  1,  exp.  48)  a  fresh 
portion  of  furan  was  introduced  and  hydrogenation  continued  (Fig. 

1,  exp.  49).  As  a  rule,  even  at  low  percentage  conversions,  the  rate 
was  high  and  practically  constant  over  almost  the  whole  of  the 
process. 

For  amounts  of  material  small  in  comparison  with  the  amount 
of  catalyst,  it  was  necessary  to  carry  out  the  reaction  several  times 
on  one  portion  of  catalyst  to  eliminate  the  observed  effect  com¬ 
pletely  (Figs.  4a  and  4b;  exps.  53-56  and  57-59).  After  many  re¬ 
actions,  the  rate  began  to  fall  as  a  result  of  poisoning  of  the  catalyst 
by  reaction  products.  It  should  be  noted  that  in  the  case  of  ben¬ 
zene,  pyridine,  and  pyrrole  [1],  repeating  the  reaction  on  one  por¬ 
tion  of  catalyst  immediately  led  to  a  decrease  in  the  rate  of  the 
process  (for  example.  Table  1,  exps.  11  and  12).  With  a  large 
amount  of  furan  relative  to  the  catalyst,  the  "hump"  on  the  rate 
curve  was  not  eliminated  by  repeating  hydrogenation  (Fig.  5, 
exps.  60  and  61). 

Potential  curves  were  obtained  for  the  hydrogenation  of 
furan  on  caulysts  that  had  and  had  not  been  presaturated.  On  a 
catalyst  that  had  not  been  presaturated  (whose  potential  was  50  mv 
from  the  oxidation -reduction  potential)  the  displacement  of  the 
potential  at  the  beginning  of  the  hydrogenation  was  quite  con- 
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Fig.  1.  Concentration  (upper)  and  poten¬ 
tial  (lower)  curves  of  the  hydrogenation  of 
furan.  Two  successive  experiments  with 
a  rhodium  catalyst  tfiat  had  not  been  pre- 
saturated.  The  numbers  correspond  to  the 
experiment  numbers. 


Fig.  2.  Kinetic  curves  of  the  hydro¬ 
genation  of  furan  with  a  catalyst  that 
had  not  been  treated  with  hydrogen. 


Fig.  3.  Hydrogenation  of  furan  with  the  addition  of  tetra  - 
hydrofuran. 


Fig.  4.  (a  and  b).  Concentration  (upper)  and  potential  (lower)  curves  of  repeated 
hydrogenation  of  amounts  of  furan  small  with  respect  to  the  amount  of  catalyst. 
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siderable  (  AE  -  172  mv )  (Fig.  1,  curve  48').  When  the  experiment  was  repeated  on  the  same  portion  of  catalyst, 
the  displacement  of  the  potential  decreased  to  -AE  =  56  mv  (Fig.  1,  curve  49’). 

In  the  hydrogenation  of  a  small  amount  of  fiiran  on  a  catalyst  that  had  not  been  presaturated,  the  potential  of 
the  catalyst  could  not  be  adjusted  to  die  oxidation -reduction  potential  (Fig.  4a).  This  fact  may  be  compared  with  the 
fact  that,  as  the  concentration  curve  shows  (Figs.  4a  and  4b),  die  reaction  rate  continued  to  increase  when  hydrogena¬ 
tion  was  repeated  several  times  (if  the  furan  samples  were  small).  It  was  only  after  5  repeats  that  die  reaction  rate 
began  to  fall.  The  displacement  of  the  potential  also  became  less  after  the  reaction  had  been  repeated  (Fig.  4b). 

With  the  addition  of  a  considerable  amount  of  furan  relative  to  the  amount  of  catalyst,  the  potential  was  displaced 
particularly  strongly;  repeating  the  reaction  decreased  this  displacement  somewhat  (Fig.  5).  Toward  the  end  of  the 
reaction  there  was  a  displacement  into  the  cathode  region. 

An  examination  of  the  potential  curves  shows  that  the  smallest  potential  displacements  correspond  to  the  highest 
hydrogenation  rates,  which  apparently  indicates  that  a  definite  amount  of  hydrogen  or  hydrogen  with  the  optimal 
energy  of  the  bond  with  the  surface  must  be  present  on  the  catalyst  surface.  It  might  be  expected  therefore  that  pre¬ 
saturation  of  the  catalyst  with  hydrogen  might  also  lead  to  a  constant  rate.  In  actual  fact,  it  was  found  that  in  the 
hydrogenation  of  furan  on  a  catalyst  carefully  saturated  with  hydrogen,  the  rate  remained  constant  over  almost  the 
whole  of  the  process  (Fig.  6,  exps.  62-64).  Repeating  the  reaction  did  not  increase  the  hydrogenation  rate.  The  rate 
was  not  decreased  either  by  many  repeats  of  the  reaction  (if  the  reaction  was  not  repeated  too  many  times),  but  a 
fall  in  the  rate  to  a  constant  value  began  much  earlier  than  in  the  first  hydrogenation  (Fig.  6,  exps.  63  and  64). 


Fig.  5.  Concentration  (upper)  and  potential  (lower) 
curves  of  repeated  hydrogenation  of  amounts  of 
furan  large  in  comparison  with  the  amount  of 
catalyst. 


Fig.  6.  Concentration  (upper)  and  potential  (lower) 
curves  of  the  hydrogenation  of  furan  at  5"  on  a 
catalyst  saturated  with  hydrogen. 


In  this  case  the  displacement  of  the  potential  was  less  than  in  hydrogenation  on  a  catalyst  that  had  not  been  pre- 
saturated  (AE  =  104  mv  as  compared  with  AE  =  172  mv).  A  repeat  of  the  experiment  without  an  increase  in  rate 
somewhat  decreased  the  potential  displacement  (Fig.  6,  curve  63’). 

The  data  presented  show  that  if  the  amount  of  furan  taken  is  not  too  large,  in  hydrogenation  on  a  presaturated 
catalyst  the  measured  hydrogenation  rate  is  determined  by  the  reaction  itself.  With  furan  samples  that  are  large 
in  comparison  with  the  amount  of  catalyst  and  in  hydrogenation  on  a  catalyst  that  has  not  been  presaturated,  the  hy¬ 
drogenation  rate  is  complicated  by  other  factors,  which  are  evidently  connected  with  the  adsorption  of  hydrogen  and 
the  strength  of  its  bond  with  the  catalyst  surface.  A  detailed  discussion  of  the  reasons  for  the  interesting  phenomena 
observed  will  be  given  in  a  separate  communication. 

Working  with  a  carefully  presaturated  catalyst  and  the  optimal  amounts  of  furan,  we  investigated  the  effect  of 
concentration  and  temperature  on  the  hydrogenation  rate.  In  this  case,  a  change  in  concentration  did  not  affect  the 
hydrogenation  rate  (Table  1)  and  therefore  it  may  be  considered  that  the  hydrogenation  of  furan  was  a  zero -order 
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reaction.  The  hydrogenation  rate  increased  with  an  increase  in  temperature  (Fig.  7,  exps.  65-67)  and  over  the  tem¬ 
perature  range  of  0.6-10.0*,  the  activation  energy  equaled  3.4  kcal/mole  (Fig.  8). 

Hydrogenation  of  Thiophene 

We  used  synthetic  thiophene,  distilled  over  alkali  and  sodium:  it  had  b.p.  84-95*,  1.5240,  d4®  1.0645.  The 

hydrogenation  was  carried  out  in  96^0  alcohol  (0.2311  g  of  thiophene  in  10  ml)  in  the  presence  of  0.4  g  of  catalyst 
(Table  2),  proceeded  at  a  rapidly  falling  rate,  and  was  complete  after  only  5-6^o  conversion  (exp.  71).  In  a  repeat 
hydrogenation,  hardly  any  reaction  occurred  (exp.  72).  There  was  no  absorption  of  hydrogen  either  when  cyclohexene 
was  added  to  the  catalyst  on  which  thiophene  had  been  hydrogenated  (exp.  73).  We  then  carried  out  several  experi¬ 
ments  (exps.  74-77)  to  determine  the  reduction  in  the  rate  of  hydrogenation  of  cyclohexene  as  a  result  of  treat¬ 
ment  of  the  catalyst  with  pyridine,  pyrrole,  or  benzene.  The  data  show  that  the  cyclohexene  hydrogenation  rate 
was  reduced  most  strongly  in  the  case  of  pyridine;  benzene  had  the  weakest  effect. 


Fig.  7.  Concentration  (upper)  and  potential  (lower)  Fig.  8.  Temperature  dependence  of  the 

curves  of  the  hydrogenation  of  furan  at  various  tern-  rate  constant  of  furan  hydrogenation  on 

peratiires  on  a  rhodium  catalyst.  a  rhodium  catalyst. 

Hydrogenation  of  Ferrocene 

We  hydrogenated  0.0831  g  of  ferrocene  (m.p.  173-174°),  which  is  known  to  have  a  considerable  conjugation 
energy  [3]  and  is  very  resistance  to  catalytic  hydrogenation  [4,  5],  in  50  ml  and  80  ml  of  acetic  acid.  At  first  2.0- 
2,2  ml  of  hydrogen  (5-7^o  conversion,  theoretical  40  ml)  was  absorbed  at  a  rate  of  0.2-0. 3  ml/min  and  then  hydro¬ 
genation  practically  ceased.  In  a  parallel  experiment,  benzene  was  hydrogenated  at  the  rate  of  10.2  ml/min. 

Hydrogenation  of  1 , 1 -D ipheny  1 -2 -pier y Ihy dr  a zy 1 

We  have  already  described  the  hydrogenation  of  this  extremely  stable  radical  [6].  We  will  note  only  that  the 
rate  constants  for  the  hydrogenation  of  0.4942  g  of  the  radical  in  acetic  acid  at  20°  in  the  presence  of  1  g  of  catalyst 
equaled  5.0  ml/min,  while  that  of  benzene  was  3.6  ml/min. 

DISCUSSION  OF  RESULTS 

Figures  1-6  clearly  show  that  presaturation  of  the  catalyst  has  a  great  effect  on  the  kinetics  of  furan  hydrogena¬ 
tion.  It  is  only  with  complete  presaturation  that  normal  reproducible  kinetic  results  are  obtained  and  the  reaction  is 
zero  order  with  respect  to  furan. 

The  data  obtained  in  the  present  and  previous  work  make  it  possible  to  draw  the  preliminary  conclusion  that 
the  presence  of  a  considerable  conjugation  energy  in  the  ewnpound  hydrogenated  corresponds  to  a  low  hydrogena¬ 
tion  rate.  Furan,  which  has  a  lower  conjugation  energy  than  benzene  and  pyridine  [7],  is  hydrogenated  more  rapidly 
than  these  com|X)unds.  The  free  radical  l,l-diphenyl-2-picrylhydrazyl,  which  has  considerable  conjugation  energy, 
is  hydrogenated  at  a  low  rate.  Ferrocene,  which  has  the  highest  conjugation  energy,  was  hartjly  hydrogenated  on  a 
rhodium  catalyst. 

Complications  arise  in  the  hydrogenation  of  pyrrole  and  thiophene.  Pyrrole,  which  has  a  lower  conjugation 
energy  than  benzene,  is  hydrogenated  at  approximately  the  same  rate  as  this  compound  and  more  slowly  than  furan, 
which  has  a  somewhat  lower  conjugation  energy  than  pyrrole.  Thiophene  is  hydrogenated  at  a  low  rate  (and  only 
to  5-T7«  conversion).  The  facts  found  must  be  explained  by  the  interaction  of  the  unshared  electron  pairs  of  nitrogen 
and  sulfur,  respectively,  with  the  catalyst  to  form  chemisorption  bonds.  This  must  lead  to  an  accumulation  of  com¬ 
pounds  in  an  adsorbed  state  on  the  catalyst  surface  and  poisoning  of  this  surface  [8].  The  data  on  the  catalytic 
toxicity  of  thiophene  and  pyrrole  confirm  this  hypothesis.  We  should  mention  that  pyrrole  must  react  with  the  catalyst 
surface  differently  from  pyridine  [9]. 
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SUMMARY 

An  investigation  was  made  of  the  catalytic  hydrogenation  of  furan,  thiophene,  and  ferrocene  on  rhodium  aa  a 
continuation  of  the  previous  Investigation  of  the  hydrogenation  of  benzene,  pyridine,  and  pyrrole,  and  also  the  free 
radical  1,1 -diphenyl-2 -picrylhydrazyl.  In  the  cases  investigated,  the  presence  of  conjugation  energy  in  the  compound 
hydrogenated  decreased  die  hydrogenation  rate.  In  the  case  of  pyrrole  and  thiophene,  complicating  adsorptioo  factors 
had  to  be  taken  into  account. 
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In  previous  works [1-4]  one  of  us  synthesized  and  systematically  studied  the  spectroscopic  characteristics  of  a 
large  number  of  homologs  of  thiophane  (tetram ethylene  sulfide),  including  a  -  and  8 -monoalkyl-  and  monoarylthio- 
phanes,  dialkylthiophanes  with  the  alkyl  groups  in  various  positions,  and  trialkylthiophanes  of  the  2,5 -dimethyl-3 - 
alkylthiophane  series.  They  were  all  obtained  by  catalytic  conversion  of  the  corresponding  homologs  of  furanidine 
by  the  action  of  hydrogen  sulfide  in  the  presence  of  alumina  at  a  high  temperature,  i.e,,  by  the  only  method  developed 
and  described  previously  [5]. 

A  study  of  the  infrared  absorption  spectra  of  thiophane  and  its  homologs  showed  that  the  data  obtained  could  be 
used  to  identify  and  establish  the  structure  of  individual  cyclic  sulfides  of  this  series  isolated  from  petroleum  frac¬ 
tions  and  also  in  the  group  analysis  of  organosulfur  compounds  present  in  them  [6], 

Up  to  now,  cyclic  sulfides  of  the  pentamethylene  sulfide  series  have  been  studied  very  little.  Nonetheless, 
there  is  no  doubt  that  petroleums  containing  five-membered  sulfides,  i.e,,  homologs  of  thiophane  (tetramethylene 
sulfide)  should  also  contain  homologs  of  pentamethylene  sulfide  in  the  same  way  that  petroleums  eontain  naphthenes 
of  the  cyclopentane  and  cyclohexane  series. 

We  should  note  that  Mabery,  who  isolated  a  series  of  cyclic  organosulfur  compounds  from  CeHgS  to  CisHseS 
from  Californian  and  Canadian  petroleums,  considered  that  they  could  be  penta-,  hexa-,  and  heptamethylene  sul- 
fivies  with  various  alkyl  substituents  [7,  8].  In  actual  fact,  in  an  investigation  of  Iranian  petroleums,  Tierry  [9] 
isolated  pentamethylene  sulfide,  whicli  was  identical  with  a  synthetic  preparation  described  fifty  years  ago [10].  How¬ 
ever,  the  number  of  synthetic  representatives  of  the  pentamethylene  sulfide  series  is  limited  to  pentamethylene  sul¬ 
fide,  2-,  3-,  and  4-methylpentamethylene  sulfides  [11,  12],  and  3 -butylpen  tarn  ethylene  sulfide  [13],  which  were 
prepared  from  the  corresponding  5  -dihalides,  and  also  2,2,6,6-tetramethyl-,  2,2,6 -trimethyl-6 -ethyl-,  and  2,3- 
dimethyl-6-isopropylpentamethylene  sulfides,  which  were  synthesized  by  the  reaction  of  the  corresponding  deriva¬ 
tives  of  tetrahydropyran  with  phosphorus  pentasulfide  and  also  by  the  reaction  of  the  corresponding  dienes  with  hy¬ 
drogen  sulfide  [14].  This  number  of  pentamethylene  sulfide  homologs  clearly  does  not  provide  a  set  of  standards 
with  which  to  compare  six-membered  cyclic  sulfides  isolated  from  petroleum.  In  this  connection  it  seemed  profit¬ 
able  to  carry  out  a  systematic  study  of  sulfides  of  this  series  and  in  die  present  work,  we  describe  the  synthesis  of  2- 
alkylpentam ethylene  sulfides  from  the  corresponding  2-alkyltetrahy(iropyrans  by  catalytic  conversion  of  the  latter  by 
the  reaction  given  above  [5]. 


H,S 


-n 


ThO,/Al,Oj 


-R 


R  =  CH„  C,H,.  CjH„  iso  -CjH,.  C.H„  iso  C.H, 


*  See  DAN  SSSR,  128,  121  (1959)  for  communication  LVI. 
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The  2 -a Iky Ipentam ethylene  sulfides  (2-alkyltetrahydrothiopyran)  obtained  in  this  way  have  a  sharp  specific 
odor  and  decompose  partly  when  boiled  at  normal  pressure;  they  were  obtained  in  lower  yields  (55.5-30^o)  than  2- 
alkylthiophanes  (71-63%)  and  an  increase  in  the  alkyl  radical  produced  a  sharper  fall  in  their  yield,  namely,  from 
55.5%  (2-methylpcntamethylene  sulfide)  to  30%  (2-butylpentamethylene  sulfide). 

EXPERIMENTAL 

The  2-alkyltetrahydropyrans  were  converted  into  the  corresponding  2-alkylpentamethylene  sulfrdes  in  the  pres¬ 
ence  of  thorium  oxide  on  alumina  (^«  ThO^)  in  a  tube  with  an  internal  diameter  of  10  mm  and  a  catalyst  bed  length 
of  400  mm.  The  2-alkyltetrahydropyrans  were  passed  over  the  catalyst  at  a  rate  of  0.3  ml  of  2-alkyltetrahydropyran 
per  ml  of  catalyst  per  hour  in  a  strong  stream  of  hydrogen  sulfide  at  300-305".  The  catalyzates  obtained  were  treated 
with  sodium  hydroxide  and  extracted  with  ether,  the  ether  extraets  were  dried  with  sodium,  and  a  zt  removal  of  the 
ether,  the  reaction  product  was  vacuum  distilled  over  sodium. 

Compounds  with  mercuric  chloride  [12],  A  mixture  of  0.025  mole  of  the  sulfide  and  a  solution  of  0.125  mole 
of  mercuric  chloride  in  100  ml  of  aleohol  was  boiled  for  0.5  hr  and  eooled. 

The  iodomethylates  were  obtained  by  keeping  a  mixture  of  the  sulfide  and  twice  the  volume  of  methyl  iodide 
at  0"  for  a  long  time. 

2-Methylpentamethylene  sulfide.  From  8  g  of  2-methyltetrahydropyran  (b.p.  104-105"  at  760  mm,  nfj  1.4210, 
d*4®  0.8681)  we  obtained  6.5  g  (55.5%):  b.p.  151-151.5"  (750  mm),  68-69"  (45  mm),  nf^  1.4906,  d4®  0.9427,  MRp 
35.38.  C6H12S.  Calculated  35.45.  Compound  with  mercuric  chloride:  m.p.  102"  (from  alcohol). 

Found  %:  Hg  51.41,  51.58.  CfiHcSHgClg.  Calculated  %:  Hg  51.74. 

lodom ethylate:  m.p.  165-166"  (from  alcohol). 

Found  %:  1  47.84,  47.85.  CeHcSCHgl.  Calculated  %:  1  48.03. 

Literature  data  [11]:  b.p.  151.4-151.6“  (750  mm),  n^*®  1.4884,  dj®*®  0.9449;  compound  with  mercuric  chloride: 
m.p.  97-98". 

2-Ethylpentamethylene  sulfide.  From  10  g  of  2-ethyltetrahydropyran  (b.p.  127-128"  at  760  mm,  n^  1.4280, 
d^®  0.8648)  we  obtained  5.9  g  (50%):  b.p.107.5-108.5"  (45  mm),  nfj  1.4874,  d®4®  0.9247,  MRp  40.51.  C7II14S.  Cal¬ 
culated  40.54. 

Found  %:  C  64.87,  64.92;  H  10.82,  10.95;  S  24.18,  24.25.  CjHi^.  Calculated  %:  C  64.63;  11  10.84;  S  24.53. 

Compound  with  mercuric  chloride:  m.p.  78-78.5"  (from  alcohol). 

Found  %:  Hg  49.65,  49.74.  C7H14S  •  HgCl^.  Calculated  %:  Hg  49.95. 

lodomethylate:  m.p.  126-126.5"  (from  alcohol). 

Found  %:  1  46.74,  46.38.  C7Hi4S  •  CH3I.  Calculated  %:  146.61. 

2-Pyropylpentamethylene  sulfide.  From  11  g  of  2 -propyltetrahydropyran  (b.p.  152-153"  at  760  rnm,  njj  1.4320, 
d4®  0.8609)  we  obtained  6.0  g  (48%):  b.p.89-89.5"  (18  mm),  nf^  1.4860,  4®  0.9164,  MRp  45.21.  CgH^S.  Calculated 
44.89. 

Found  %:  C  66.65,  66.59;  H  11.27,  11.16;  S  21.82,  21.84.  CgHjgS.  Calculated  %:  C  66.63;  H  11.18;  S  22.18. 

Compound  with  mercuric  chloride:  m.p.  65-65.5"  (from  alcohol). 

Found  %:  Hg  48.14,  48.05.  CsHjpS  •  HgClg.  Calculated  %:  Hg  48.26. 

No  crystalline  iodomethylate  was  formed. 

2-bopropvlpentamethylene  sulfide.  From  12  g  of  2-isopropyltetrahydropyran  (b.p.  143-144’  at  760  mm,  n^ 
1.4315,  dj®  0.8576)  we  obtained  6.9  g  (50%):  b.p.80-81*  (18  mm),  n^  1.4849,  d^®  0.9141,  MR^  45.22.  CgHigS.  Cal¬ 
culated  44.89. 

Found  %:  C  66.87,  66.86;  H  11.19,  11.08;  S  21.75,  21.88.  CsHjgS.  Calculated  %:  C  66.63;  H  11.18;  S  22.18. 

The  substance  did  not  form  a  crystalline  compound  with  mercuric  chloride  or  an  iodomethylate. 
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2 -Butylpentam ethylene  sulfide.  From  17  g  of  2-butyltetrahydropyran  (b.p.  64-65*  at  14  mm,  1.4378,  dj® 
0.8609)  we  Stained  5.6  g  (30f^):  b.p.  85.5-86*  (10  mm),  1.4838,  (ft®  0.9086,  MRj)  49.84.  CsHijS.  Calculated 
49.65. 

Founder  C  68.55,  68.65;  H  11.17,  11.30;  S  19.91,  19.72.  C,H„S.  Calculated‘S:  C  68.34;  H  11.49;  S  20.19. 

The  substance  did  not  form  a  crystalline  compound  with  mercuric  chl(»ride  or  an  i(xlome  thy  late. 

2-Isobutylpentamethylene  sulfide.  From  16  g  of  2-isobutyltetrahydropyran  (b.p.  98-99*  at  25  mm,  n^  1.4319, 
(ft®  0.8586)  we  obtained  5.5  g  (31‘S):  b.p.  79-80*  (10  mm),  ng  1.4828,  (ft®  0.9063,  MRd  49.83.  QHjgS.  Calculated 
49.65. 

Found ‘S:  C  68.48,  68.74;  H  11.50,  11.32;  S  19.88,  19.71.  CjHjgS.  Calculated  ®/o ;  c  68.34;  H  11.47;  S  20.19. 
The  substance  did  not  form  a  crystalline  compound  with  mercuric  chloride  or  an  lodomethylate. 

SUMMARY 

The  application  of  the  catalytic  conversion  of  oxygen -containing  heterocyclic  compounds  to  rings  with  dif¬ 
ferent  hetero  atoms  to  2-alkyltetrahydropyrans  made  it  possible  to  prepare  2-methylpentamethylene  sulfide  and  also 
2-ethy-,  2-propyl-,  2-butyl-,  2-isopropyl-,  and  2-isobutylpentamethylene  sulfides,  which  have  not  been  described  in 
the  literature,  in  satisfactory  yields. 
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a -Chloroisobutyric  acid  may  be  used  as  the  starting  material  for  various  organic  syntheses,  in  particular,  the 
preparation  of  various  methacrylic  esters.  The  usual  method  of  synthesizing  a -chloroisobutyric  acid  is  the  chlorina¬ 
tion  of  isobutyric  acid.  A.  E.  Favorskii  [1]  first  reported  the  possibility  of  preparing  this  acid  by  alkaline  hydrolysis 
of  acetone -chloroform,  which  was  prepared  previously  [2],  but  the  yields  did  not  exceed  3^o  and  therefore  acetone - 
chloroform  could  not  be  used  as  the  starting  material  for  the  preparation  of  a-chloroisobutyric  acid. 

In  a  study  of  the  conditions  for  the  hydrolysis  of  the  CCI3  group  in  acetone -chloroform  to  the  carboxyl  group 
COOH  it  was  found  that  hydrolysis  by  concentration  sulfuric  acid  without  heating  gave  a-chloroisobutyric  acid  in  up 
to  9(flo  yield. 

The  wak  was  carried  out  under  the  direction  of  S.  N,  Danilov. 

EXPERIMENTAL* 

Preparation  of  acetone -chloroform.  To  a  mixture  of  300  ml  (  ~4  moles)  of  acetone  and  960  ml  (~12  moles) 
of  chloroform  was  added  225  g  of  powdered  potassium  hydroxide  over  a  period  of  8.5  hr  with  very  vigorous  stirring 
and  cooling  to  ~15°  (more  rapid  addition  under  the  same  conditions  led  to  explosion  of  the  whole  reaction  mixture). 
Stirring  was  continued  for  about  another  hour  and  then  the  mixture  was  poured  into  25  liters  of  cooled  15*70  sulfuric 
acid  solution.  The  organic  layer  was  extracted  with  chloroform  5-6  times  and  the  extracts  dried  with  magnesium 
sulfate.  After  removal  of  the  solvent,  the  acetone -chloroform  was  distilled:  it  had  b.p.  164-170"  and  the  yield  was 
400  g  (5ff7o  on  the  acetone). 

Preparation  of  « -chloroisobutyric  acid.  Acetone -chloroform  hydrate  was  prepared  by  the  usual  method  and  was 
treated  with  1.15  liter  of  sulfuric  acid  with  the  liberation  of  gaseous  hydrogen  chloride.  The  reaction  mixture  was 
stirred  for  3  days  with  breaks  and  then  poured  into  a  mixture  of  4.5  liters  of  water  and  1  kg  of  ice,  the  aqueous  layer 
extracted  6  times  with  ether,  and  the  ether  solution  dried  with  magnesium  sulfate.  After  removal  of  the  ether  in 
vacuum,  the  a-chloroisobutyric  acid  was  distilled:  it  had  b.p.  106-108"  (30  mm)  and  m.p.  27-29"  and  the  yield  was 
250  g  (88*7o).  The  acid  crystallized  in  the  distillation  flask. 

Found  *70:  C  38.90;  H  5.99;  Cl  28.95;  equiv.  121.6,  121.7.  C4H70iCl.  Calculated  *70 :  C  39.18;  H  5.76;  Cl 
28.94;  equiv.  122.5. 

A  decrease  in  the  molar  ratio  of  acetone -chloroform  to  sulfuric  acid  from  1  :  8.5  to  1  :  4  reduced  the  acid 
yield  by  15-2(fJo.  Hydrolysis  at  high  temperatures  resulted  in  contamination  of  the  acid. 

Preparation  of  ethyl  methacrylate.  Ethyl  a-chloroisobutyrate  was  prepared  in  81.3f7o  yield  in  the  usual  way. 

B.p.  106-107"  (200  mm),  100-102"  (180  mm),  95-97"  (150  mm),  1.4161,  4®  1.035,  MRp  36.50;  calc.  36.43. 

Found  Cl  23.58,  23.81.  CgHuOzCl.  Calculated  %  ci  23.56. 

Boiling  10  g  of  the  ethyl  ester  with  2  g  of  zinc  chloride  (160*,  2  hr)  yielded  5  g  of  ethyl  methacrylate. 

B.p.  114-118",  ng  1.4128,  d^®  0.9139,  MRp  31.13;  calc.  30.98. 

Found  *70:  C  63.40,  63.21;  H  9.25,  9.25.  Bromine  number  122.3,  134.1,  122.0.  QHioOfe.  Calculated  *70;  C63.13; 
H  8.83.  Bromine  number  140. 


*  With  the  assistance  of  R.  F.  Smirnov. 
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SUMMARY 

1.  A  new  and  simple  method  of  synthesizing  a-chloroisobutyric  acid,  based  on  the  hydrolysis  of  acetone - 
chloroform  widi  concentrated  sulfuric  acid  without  heating,  is  proposed. 

2.  It  was  diown  that  ethyl  methacrylate  may  be  prepared  by  treatment  of  ethyl  a-chloroisobutyrate  with  zinc 
chloride. 
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Judging  by  literature  data  [1-3],  pyrazoles,  which  generally  have  clearly  expressed  aromatic  properties,  do  not 
undergo  the  Friedel- Crafts  reaction  with  acyl  halides  as  a  rule.  Individual  successful  results  have  been  obtained  only 
with  derivatives  of  1 -phenyl-5 -chloropyrazoles  and  aroyl  chlcxides  which  do  not  contain  electron -donor  substituents 
[1,  2].  At  the  same  time,  it  has  been  stated  that  in  the  case  of  N-alkylpyrazoles  and  pyrazoles  with  a  free  NH  group, 
the  reaction  does  not  occur  with  any  acid  chloride  and  even  1 -phenyl -5 -chlwopyrazoles  do  not  react  with  aliphatic 
acid  chlorides.  It  seemed  strange  to  us  that  pyrazoles,  which  have  clearly  expressed  aromatic  properties,  should  not 
undergo  a  typical  electrophilic  substitution,  the  more  so  as  a  whole  series  of  studies  in  our  laboratory  have  shown  that 
pyrazoles  are  extremely  reactive  in  this  type  of  reaction  [4].  The  authors  of  early  work  evidently  underestimated  tfie 
tendency  of  pyrazoles  to  form  complexes,  which  is  shown  particularly  in  the  case  of  N-alkylpyrazoles  and  pyrazoles 
with  a  free  NH  group,  but  is  strongly  suppressed  in  the  case  of  1 -phenyl-5 -chloropyrazoles. 

By  the  reaction  of  1,3,5 -trimethylpyrazole  with  acetyl  chloride  in  carbon  tetrachloride  with  a  considerable 
excess  of  anhydrous  aluminum  chloride,  we  obtained  1,3,5 -trimethyl -4 -acetylpyrazole  in  a  yield  of  ~4(f7o.  1,3,5- 
Trimethylpyrazole  reacted  in  the  same  way  with  other  acid  chlorides  to  give  4-acylpyrazoles  in  a  yields  of  40-50^, 
A  reduction  in  the  amount  of  acyl  chloride  (less  than  1-4  moles  per  mole  of  pyrazole)  or  aluminum  chloride  (less 
than  4  moles  per  mole)  and  also  a  rise  in  the  temperature  of  the  reaction  mixture  in  the  first  stage  of  the  reaction 
led  to  an  appreciable  fall  in  the  yield,  often  to  zero.  Replacement  of  carbon  tetrachloride  by  carbon  disulfide  gave 
no  advantages. 

The  reaction  with  l-phenyl-3,5-dimethylpyrazole  is  of  interest.  In  this  case  acylation  may  occur  in  the 
phenyl  nucleus  as  well  as  in  position  4  of  the  pyrazole  nucleus. 


CeH,  CeHjCOCHj 


By  carrying  out  the  reaction  under  die  conditions  developed  (see  experimental  section),  we  obtained  a  mono¬ 
acetyl  derivative  and  it  was  found  that  the  acetyl  group  entered  the  pyrazole  ring.  This  was  demonstrated  by  reducing 
the  ketone  obtained  by  the  Clemmensen  method  to  known  l-phenyl-3,5-dimethyl-4-ethylpyrazole.Thus,  in  this 
case  it  was  established  that  position  4  of  the  pyrazole  nucleus  undergoes  electrophilic  attack  mcxe  readily  than  the 
phenyl  nucleus  attached  to  the  pyrazole  nitrogen  atom. 

Although  it  is  well-known  that  positions  3  and  5  of  the  pyrazole  nucleus  are  not  active  in  electrophilic  sub¬ 
stitutions,  we  decided  to  recheck  this  fact  and  attempted  to  carry  out  the  reaction  with  1 -phenylpyrazole  and  dien 
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wltii  1 -phenyl -4 -methylpyrazole.  However,  even  in  the  first  reaction  with  acetyl  chlcvide,  we  established  that 
regardlen  of  the  conditions  (temperature,  solvent,  component  ratio,  etc.)>  the  reaction  did  not  proceed. 

These  facts  may  be  e]q)lained  in  the  following  way.  As  a  result  of  the  electron -donor  nature  of  the  methyl 
groups,  die  pyrazole  nucleus  of  1 -phenyl-3,5 -dimethylpyrazole  has  a  high  electron  density  at  position  4  (because  of 
die  electron -donor  effect  of  the  methyl  groups),  which  is  sufficient  for  the  acylation  to  occur. 
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To  check  these  conclusions,  we  replaced  the  methyl  group  in  position  5  of  l-phenyl-3,5-dimethylpyrazole  by 
a  chlorine  atom.  The  chlorine  atom,  which  has  a  negative  inductive  effect,  should  decrease  the  electron  density  at 
position  4  and  the  l-phenyl-4-methyl-5-chloropyrazole  molecule  as  a  whole  should  behave  like  1 -phenylpyrazole, 

i.e.,  not  undergo  acylation  by  aliphatic  acid  chlorides,  which  are  much  less  active 
in  this  reaction  than  aroyl  chlorides.  Our  hypotheses  were  confirmed  and  we  could  not 
effect  this  reaction  with  aliphatic  acid  chlorides  under  the  most  diverse  conditions,  as 
agrees  with  literature  data  [1,  2]. 

As  the  yields  in  these  Friedel -crafts  reactions  were  only  satisfactory,  we  attempted 
to  achieve  thermal  acylation,  the  more  so  as  a  similar  reaction  with  benzoyl  chloride 
proceeded  in  high  yield  in  one  of  our  previous  studies  [5].  The  reaction  of  1,3,5- tri- 
methylpyrazole  with  acetyl  chloride  (5  hr,  160°)  gave  more  than  yield  of  the  4- 
acetyl  derivative,  which  was  completely  identical  with  that  we  obtained  previously. 

However,  in  extending  this  reaction  to  other  acid  chlorides,  we  encountered  un¬ 
expected  difficulties.  According  to  analytical  data,  the  substances  isolated  had  nothing 
in  common  with  4-acylpyrazoles  and  gave  picrates  which  differed  from  those  of  acyl- 
pyrazoles.  However,  the  pyrazole  ring  evidently  was  not  opened  in  the  reaction  as  the 
ultraviolet  spectra  of  the  compounds  obtained  had  the  maximum  at  about  220  mfi , 
characteristic  of  pyrazoles.  The  structure  of  the  compounds  obtained  has  not  been 
determined. 


XmM 


Absorption  curve  of  4-’ 
acylpyrazoles  (SF-4, 
methanol  as  solvent). 
l,3,5-TrImethyl-4- 
butyrylpyrazole,  log  e 
4.13,  Xrnax  • 

1,3,5  -trimethyl-4- 
caproylpyrazole,  log  e 
4.21,  Xjnax  • 

l-phenyl-3,5-dimethyl- 
4-acetylpyrazole,  log  e 
4.18,  X|yj2j{  254  mfi . 


EXPERIMENTAL 

4-Acetyl-l,3,5-trimethylpyrazole.  Into  a  three -necked  flask  with  a  stirrer, 
thermometer,  and  dropping  funnel  were  placed  100  ml  of  anhydrous  carbon  tetrachloride 
and  26  g  of  anhydrous  aluminum  chloride  ground  in  a  hot  mortar.  With  cooling  to  -5 
to  -10’  and  continuous  stirring,  first  5.5  g  of  1,3,5 -trimethylpyrazole  and  then  7.8  g  of 
acetyl  chlOTide  were  added  dropwise.  The  temperature  of  the  mixture  rose  to  15-20’. 
The  cooling  mixture  was  removed  and  the  reaction  mixture  stirred  for  2  hr  and  left 
overnight.  The  complex  was  then  decomposed  with  ice,  alkali  added  until  the  alumi¬ 
num  salts  dissolved,  the  carbon  tetrachloride  layer  separated,  and  the  aqueous  layer 
extracts  were  combined  and  dried  with  magnesium  sulfate.  The  solvents  were  re¬ 
moved  and  the  residue  was  vacuum  distilled.  We  obtained  2.7  g  (35.5^o)  of  4-acetyl- 
1,3,5 -trimethylpyrazole  with  b.p.  133-137’  at  11  mm.  The  substance  rapidly  solidified 
as  long,  colorless  crystals  with  m.p.  69-70’  (from  ligroin).  The  preparation  did  not 
depress  the  melting  point  of  a  preparation  obtained  by  thermal  acylation  (see  below). 


Found  C  63.14,  63.06;  H  8.06,  8.03.  CgHfiONj.  Calculated  *70 ;  C  63.12;  H  7.95. 


The  picrate  had  m.p.  90’  (from  methanol). 

Found N  18.52,  18.45.  CaHgONj  *  C6H3O7N3.  Calculated  “/o;  N  18.37. 


4-Proplonyl-l,3,5 -trlmediylpyrazole.  This  compound  was  obtained  analogously  to  4-acetyl-l,3,5-trimethyl- 
pyrazole  from  0.05  mole  of  1,3,5 -trimethylpyrazole  in  50.6^o  yield  and  had  b.p.  137-139’  (10  mm)  and  m.p.  43-44’ 
(from  ligroin). 
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Found  C  65.16,  65.06;  H  8.79,  8.53;  N  17.00,  16.83.  CjHi^N,.  Calculated C  65.05;  H  8.49;  N  16.86. 

The  picrate  had  m.p.  83-84*  (from  methanol). 

Found‘d:  N  17.86,  17.75.  C9Hi4PN2  •  QHsOrNs.  Calculated‘S:  N  17.72. 

4-Butyryl-l,3,5-trimetfiylpyrazole.  This  compound  was  obtained  analogously  to  4-acetyl-l,3,5-trimetfiyl- 
pyrazole  from  0.05  mole  of  1,3,5 -trimelhylpyrazole  with  a  4-fold  molar  excess  of  butyryl  chloride.  The  yield  was 
5(yS.  The  substance  had  b.p.  142-143*  (10  mm)  and  m.p.  52-53*  (from  ligroin). 

Found  ‘S:  C  66.65,  66.48;  H  9.08,  9.00.  CjoH^ONj.  Calculated  *70:  C  66.66;  H  8.95. 

The  picrate  had  m.p.  82-83*  (from  50^»  methanol). 

Found ‘S:  N  17.15,  17.02.  CjoHieONj  •  C6H3O7N3.  Calculated ‘S:  N  17.11. 

4-Isobutyryl-l,3,5 -trimethylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5-trimethylpyrazole  from 
0.05  mole  of  1,3,5-trimethylpyrazole  in  5^o  yield.  The  reaction  mixture  was  heated  for  1  hr  at  40-50*.  The  sub¬ 
stance  had  b.p.  135-137*  (12  mm)  and  m.p.  34.5-35*  (from  ligroin). 

Found'S:  C  66.56,  66.46;  H  9.22,  9.08.  CioH^ONj.  Calculated'S:  C  66.66;  H  8.88. 

The  picrate  had  m.p.  76*  (from  absolute  ether). 

Found  ‘S;  N  16.85,  16.79.  CioH^ONj  *  C6H3O7N3.  Calculated  ‘S:  N  17.11. 

4-Isovalery -1,3,5 -trimethylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5-trimethylpyrazole  from  0.05 
mole  of  1,3,5-trimethylpyrazole  in  43.3'S  yield.  It  had  b.p.  138-139*  (7  mm)  and  m.p.  32.5*  (from  ligroin). 

Found'S:  C  67.58,  67.42;  H  9.42,  9.34.  CuH^ONj.  Calculated'S:  C  68.00;  H  9.27. 

The  picrate  had  m.p.  112*  (from  methanol). 

Found'S:  N  17.15,  17.10.  CuH^ONj  •  C6H3O7N3.  Calculated'S:  N  16.55. 

4-Caproyl-l,3, 5 -trimethylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5-trimetiiylpyrazole  from  0.05 
mole  of  1,3,5-trimethylpyrazole  in  5(fS  yield.  It  had  b.p.  175-180*  (25  mm)  and  m.p.  39-40*  (from  ligroin). 

Found'S:  C  69.32,  69.11;  H  9.83,  9.67.  CcHaoON*.  Calculated  ‘S:  C  69.23;  H  9.68. 

The  picrate  had  m.p.  49-50*  (from  50S  methanol). 

Found'S:  N  15.70,  15.58.  CJ2H20ON2  •  C6H3O7N3.  Calculated'S:  N  16.06. 

4-Caprylyl-l,3,5 -trimethylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5 -trimethylpyrazole  from  0.05 
mole  of  1,3,5-trimethylpyrazole  in  46'S  yield.  It  had  b.p.  181-190*  (10  mm)  and  m.p.  36*  (from  ligroin). 

Found'S:  N  11.78,  11.60.  C14H24ON2.  Calculated'S:  N  11.86. 

The  picrate  had  m.p.  78.5*  (from  methanol). 

Found  ‘S:  N  14.95,  14.90.  C14H24ON2  •  C6H3O7N3.  Calculated ‘S:  N  15.05. 

4-Benzoyl-l,3,5-trimethylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5-trimethylpyrazole  with  the 
reaction  mixture  boiled  at  80“  for  1  hr  and  left  for  2  days.  The  ketone  was  obtained  from  0.05  mole  of  1,3,5-tri¬ 
methylpyrazole  and  a  3 -fold  excess  of  benzoyl  chloride  in  a  yield  of  88f7o.  It  was  a  yellow  oily  liquid  widi  b.p.  190- 
191*  (8  mm)  and  nfj  1.5810. 

The  picrate  had  m.p.  135-136*  (from  5{yS  methanol)  [5]. 

4-Chloroacetyl-l,3, 5 -trimethylpyrazole  was  obtained  analogously  to  4 -acetyl- 1,3,5 -trimethylpyrazole  frOTi 
0.05  mole  of  1,3,5-trimethylpyrazole  and  0.1  mole  of  chloroacetyl  chlcvide  in  21.2'S  yield.  It  had  b.p.  180*  (8  mm) 
and  m.p.  91.5-92*  (from  ligroin).  It  had  strongly  lachrimatory  properties. 

The  picrate  had  m.p.  115-117*  (from  methanol). 

Found  'S:  N  16.88,  16.70.  CjHuONjCl  •  C6H3O7N3.  Calculated ‘S;  N  16.86. 
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1  -Ethyl -3,5 -<Hmethyl-4-acetylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5-trimethylpyra2ole  from 
0,05  mole  of  l-ediyl-3,5-dimethylpyrazole  in  40.2^  yield.  It  had  b.p.  125-127*  (8  mm)  and  m.p.  30*  (from  ligroin). 

Found‘d:  N  16.35,  16.30.  CsHiPNj.  Calculated *70 :  N  16.86. 

The  picrate  had  m.p.  83*  (from  methanol). 

l,6-Bls-(1.3,5-trimethylpyrazolyl-4)-hexanedione-l,6  was  obtained  analogously  to  4-acetyl-l,3,5-trimethyl- 
pyrazole  from  0.05  mole  of  adipyl  chloride  and  0.15  mole  of  1,3,5 -trimethylpyrazole.  The  mixture  was  heated  at 
40*  for  1  hr.  The  benzene  was  removed  and  the  residue  washed  with  methanol  and  recrystallized  from  benzene. 

The  yield  was  5^o.  The  m.p.  was  192-193*. 

Found  N  17.22,  17.12.  CuH260feN4.  Calculated  N  16.97. 

The  picrate  had  m.p.  86*  (from  methanol). 

Found ‘7o:  N  17.28,  17.29.  Ci8»2602N4  •  2C6H3O7N3.  Calculated  *70:  N  17.76. 

1 -Phenyl-3,5 -dimethyl-4-acetylpyrazole  was  obtained  analogously  to  4-acetyl-l,3,5 -trimethylpyrazole  from 
8.6  g  of  1 -phenyl-3,5 -dimethylpyrazole  in  a  yield  of  3.5  g  (32.7^o),  it  had  b.p.  184-185*  (7  mm)  and  m.p.  59.5- 
60.5*  (from  ligroin).  It  did  not  form  a  picrate. 

Found ‘7o:  N  13.07,  13.05.  CoH^ONj.  Calculated ‘7®:  N  13.08. 

1 -Phenyl-3, 5 -dim ethyl-4-ethylpyrazole.  A)  A  mixture  of  10  g  of  granulated  zinc,  1  g  of  mercuric  chloride, 

0.5  ml  of  hydrochloric  acid,  and  15  ml  of  water  was  stirred  for  5  min.  The  aqueous  solution  was  decanted,  the  amal¬ 
gamated  zinc  covered  with  7.5  ml  of  water  and  10  ml  of  hydrochloric  acid,  and  2.8  g  of  1 -phenyl-3 ,5 -dimethyl-4- 
acetylpyrazole  added  slowly.  The  reaction  mixture  was  boiled  for  5  hr.  The  liquid  was  separated  from  the  zinc, 
made  alkaline,  and  extracted  with  benzene.  After  removal  of  the  benzene,  the  residue  was  vacuum  distilled.  The 
yield  was  1.2  g  (46%),  the  b.p.  121-125"  (8  mm),  and  the  m.p.  78°  (from  ligroin).  Ultraviolet  spectrum:  log  e  4.27, 
Xmax  methanol). 

Found  %:  N  14.31,  14.30.  C0H16N2.  Calculated  %:  N  14.00. 

B)  A  3  g  sample  of  ethyldiacetylmethane  was  mixed  with  2.2  g  of  freshly  distilled  phenylhydrazine  and  the 
reaction  mixture  vacuum  distilled.  We  obtained  4  g  (93%)  of  1 -phenyl -3,5 -dimethyl -4-ethylpyrazole  with  b.p. 
122-125*  (8  mm)  and  m.p.  78-79*  (from  ligroin).  It  did  not  depress  the  melting  point  of  the  above  preparation. 
Ultraviolet  spectrum:  log  e  4.63,  Xmax  255  mp  (in  methanol). 

Attempts  to  carry  out  the  Friedel-Crafts  reaction  with  l-phenyl-3-methyl-5-chloropyrazole  and  acetyl  chloride, 
1,3,5-trimethylpyrazole  and  p-methoxybenzoyl  chloride,  and  1-phenylpyrazole  and  acetyl  and  butyryl  chlOTides 
were  unsuccessful  with  any  molar  ratio  of  the  reagents  and  solvent  and  various  reaction  temperatures. 

Thermal  acylation  of  1,3,5-trimethylpyrazole  with  acetyl  chloride.  A  mixture  of  16  g  of  1,3,5-trimethyl¬ 
pyrazole  and  21.3  g  of  acetyl  chlcxide  was  heated  in  a  sealed  ampoule  at  170°  for  5  hr.  The  mixture  was  decom¬ 
posed  with  ice  and  made  strongly  alkaline  with  sodium  hydroxide.  The  oil  liberated  was  extracted  with  benzene. 

After  removal  of  the  benzene,  the  residue  was  vacuum  distilled.  We  obtained  5.0  g  (42.8%)  of  4-acetyl-l,3,5- 
trimethylpyrazole  with  b.p.  129-133*  (8  mm)  and  m.p.  69-70°. 

The  picrate  had  m.p.  90*  (from  methanol).  The  constants  of  the  product  obtained  were  exactly  the  same  as 
those  of  the  4-acetyl-l,3,5-trimethylpyrazole  obtained  by  the  Friedel-Crafts  reaction.  Mixed  melting  points  with 
the  acetylpyrazole  given  above  and  of  the  two  picrates  were  not  depressed. 

Reaction  of  1,3,5-trimethylpyrazole  with  propionyl  chloride.  A  mixture  of  8  g  of  1,3,5-trimethylpyrazole  and 
21.3  g  of  propionyl  chloride  was  heated  in  a  sealed  ampoule  at  180°  for  5  hr.  The  mixture  was  poured  into  30%  al¬ 
kali  and  extracted  with  benzene.  To  the  benzene  solution  was  added  concentrated  hydrochloric  acid  and  the  aqueous 
layer  separated;  the  hydrochloric  acid  extract  was  then  neutralized  with  alkali  and  extracted  with  benzene.  After 
removal  of  the  benzene,  the  residue  was  vacuum  distilled.  The  yield  was  7.5  g  and  the  product  had  b.p.  123-127* 

(16  mm),  no  1.5220,  dj®  1.0686. 

Found  %:  C  59.57,  59.57;  H  7.34,  7.35;  N  16.70,  16.60. 

The  picrate  had  m.p.  114*  (from  methanol). 


Found  N  17.90,  18.35. 


The  reaction  of  1,3,5 -trimethylpytazole  with  butyryl  chloride  was  canied  out  analogously  to  the  previous  re¬ 
action.  From  8  g  of  1,3,5 -trimethylpyrazole  and  22.8  g  of  butyryl  chl<xide  we  obtained  8.5  g  of  a  fraction  with  b.p. 
137 -140’  (16  mm),  1.5165,  d^®  1.0555. 

Found  %  C  60.40,  60.13;  H  7.93,  7.92;  N  17.82,  1780. 

The  picrate  had  m.p.  112-113*  (from  methanol). 

Found  N  16.45,  16.50. 

Reaction  of  1,3,5 -trimethylpyrazole  with  caproyl  chloride.  The  reaction  was  carried  out  analogously  to  fric 
reaction  with  propionyl  chloride.  From  7  g  of  1,3,5 -trimethylpyrazole  and  26  g  of  caproyl  chloride  at  160-170*  we 
obtained  4  g  of  a  fraction  with  b.p.  155-160*  (16  mm),  n^  1.5184,  di^®  1.0216. 

Found  C  64.79,  64.67;  H  8.89,  8.83;  N  17.20,  16.99. 

The  picrate  had  m.p.  102-103*  (from  methanol). 

Found  1o:  N  16.35,  16.53. 

Reaction  of  1,3,5 -trimethylpyrazole  with  isobutyryl  chloride.  The  reaction  was  canied  out  analogously  to  the 
reaction  with  propionyl  chloride.  From  8  g  of  1,3,5 -trimethylpyrazole  and  23  g  of  isobutyryl  chloride  we  obtained 
3.8  g  of  a  fraction  with  b.p.  126-130“  (14  mm),  np  1.5209,  ^®  1.0747. 

Found  °Jo:  n  19.50,  19.20. 

The  picrate  had  m.p.  140“  (from  methanol). 

Reaction  of  1,3,5 -trimethylpyrazole  with  isovaleryl  chloride.  The  reaction  was  canied  out  analogously  to  the 
reaction  with  propionyl  chloride.  Fresn  8  g  of  1,3,5-ttimethvlpyrazole  and  22.8  g  of  isovaleryl  chloride  we  obtained 
4  g  of  a  fraction  with  b.p.  137-139“  (15  mm),  nfj  1.5060,  d^®  1.0341. 

The  picrate  had  m.p.  133“  (from  methanol). 

Found  1o:  N  16.80,  16.60. 

SUMMARY 

It  was  shown  that  1 -substituted  pyrazoles  undergo  the  Friedel -Crafts  reaction  widi  aliphatic  acid  chlexides  to 
form  4-acylpyrazoles. 
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PYRAZOLES 

XVm.  DEHYDROGENATION  OF  3 -HYDROXY-  AND  3-AMINOPYRAZOLINES 
WITH  SULFUR 
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and  A.  N,  Kost 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1892-1896,  June,  1961 

Original  article  submitted  June  29,  1960 


In  previous  work  we  showed  that  pyrazolines  which  do  not  contain  functional  substituents  are  dehydrogenated 
smoothly  by  sulfur  to  the  ccaresponding  pyrazoles;  the  reaction  is  more  complex  when  certain  functional  groups  are 
present  [1].  In  the  present  work  we  investigated  the  dehydrogenation  of  pyrazolines  with  a  hydroxyl  or  an  amino 
group  attached  directly  to  the  nucleus. 

l-Aryl-3-aminopyrazolines  (I)  were  synthesized  previously  [2]  according  to  the  scheme: 


ArNUNHa  +  RCH=C(R')CN 


R' 

R 


NH2 


Ar  (IV) 


•NH2 


H+ 

HiO"" 


OH 


(ID 


These  substances  were  converted  into  3 -hydroxypyrazolines  (II)  in  high  yields  by  acid  hydrolysis. 

It  was  found  that  the  pyrazolidones  (II)  were  dehydrogenated  smoothly  by  heating  with  sulfur  to  180-200®  and 
if  the  starting  compounds  were  highly  pure,  die  dehydrogenation  proceeded  with  only  slight  darkening  of  the  reac¬ 
tion  mixture.  The  synthesis  of  the  pyrazolones  (HI)  by  this  original  method  is  very  simple  experimentally  and  has 
great  advantages  over  the  usual  oxidation  methods,  especially  in  the  synthesis  of  large  amounts  of  substances. 

Swiss  and  American  firms  recently  patented  a  strong  new  sulfamide  preparation  "Orisul,"  which  is  a  derivative 
of  1 -phenyl-5 -aminopyr azole  t?].  In  connection  with  this,  we  decided  to  use  the  3-aminopyrazolines  (I)  we  had 
available  to  synthesize  3-aminopyrazoles.  However,  in  the  dehydrogenation  of  the  aminopyrazolines,  the  amino 
group  evidently  underwent  side  reactions  with  the  sulfur  and  the  yields  of  aminopyr  azoles  (IV)  were  low. 

We  then  decided  to  acylate  the  amino  group  first,  but  considerable  difficulties  were  encountered  in  this  ap¬ 
parently  simple  reaction.  Kendall  [2]  reported  that  the  reaction  of  l-phenyl-3-aminopyrazoline  with  acetic  an¬ 
hydride  formed  the  acyl  derivative  in  only  15^o  yield.  In  a  whole  series  of  our  experiments  on  acylation  with  acetic 
anhydride  in  acetic  acid,  with  alkaline  additives  (pyridine,  triethylamine,  and  dimethylaniline),  and  under  mild  con¬ 
ditions  (in  ether  or  dioxane),  the  yields  of  the  acyl  derivatives  did  not  exceed  20f7o.  The  difficulties  in  the  acetyla¬ 
tion  are  evidently  explained  by  the  presence  of  tautomeric  equilibrium. 

I — I — 

N  ^  I  NH 

1  I 

^6^5  (I)  CeHs  (la) 
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This  then  gives  the  possibility  of  acylation  of  form  (la)  in  addition  to  form  (1).  A  good  result  was  obtained  by 
the  gradual  addition  of  the  aminopyrazoline  to  hot  acetic  anhydride;  the  yields  reached  l(fl«  in  this  case.  The 
tautomeric  change  of  (1)  into  (la)  evidently  could  not  occur  under  these  conditions  and  form  (1)  was  acylated. 

Dehydrogenation  of  l-aryl-3-aminopyrazolines  with  a  substituted  amino  group  with  sulfur  (mixture  temperature 
180-205“,  1-3  hr)  gave  50-85*^  yields  of  acetamidopyrazoles,  which  we  immediately  converted  (without  isolation) 
into  aminopyrazoles  (IV)by  acid  hydrolysis.  The  aminopyrazoles  obtained  were  converted  into  sulfamide  derivatives 
(V)  by  the  general  procedure  by  treatment  with  p-acetamidobenzenesulfonyl  chloride. 


-NIlCOCHs 


I 

CbH 


6«5 


R'- 


R^^N^ 

I 

Cells 


-NllCOCHa-] 


H.o 


R'- 


-NII, 


R^^N^ 
I 


R'- 


NHSO2CCH4NH2 


H.O 

"oh-' 


Colls  (V) 


R'- 


Cc.llfi  (IV) 

-NnS02Cr,H4NIlC0CII., 


CcHr. 


It  should  be  noted  that  the  sulfamides  were  best  synthesized  in  the  minimal  amount  of  pyridine.  In  addition, 
the  conditions  found  for  hydrolysis  of  the  acetyl  group  of  the  sulfamides  should  be  fulfilled  as  cleavage  of  the  sul¬ 
famide  bond  could  occur  with  a  higher  alkali  concentration  and  longer  hydrolysis. 

The  ultraviolet  absorption  spectra  of  solutions  of  the  substances  obtained  in 
methanol  were  plotted  (figure). 

EXPERIMENTAL 

1  -Phenyl-3  -acetamidopyrazoline.  To  58  g  of  acetic  anhydride  at  85"  was  slowly 
added  73  g  of  l-phcnyl-3-aminopyrazoline  with  vigearous  stining  over  a  period  of  0.5  hr 
and  the  mixture  stirred  at  85-105“  for  0.5  hr  and  left  overnight.  To  the  solidified  re¬ 
action  mixture  was  added  60  ml  of  methanol  and  the  acetylpyr azoline  separated  after 
careful  stining.  The  product  was  boiled  with  120  ml  of  methanol  for  15  min,  cooled, 
and  collected.  We  obtained  58.1  g  (64.6^o)  of  1 -phenyl-3 -acetamidopyrazoline  with 
m.p.  190-191“  [2]. 

XmM 


Absorption  curve  of 
pyrazolones -3,  3 -amino¬ 
pyrazoles,  and  their  sul¬ 
famide  derivatives  (SF- 
4,  methanol  as  solvent). 

1  -Pheny  Ipy  razolone  -3 , 
loge  4.380,Xjnax 
273  mp ;  l-phenyl-4- 
methylpyrazolone,  loge 
4.13,  Xjj^ax  • 

1 -phenyl-5  -methyl- 
pyrazolone -3,  loge  4.07, 
^max  260  mp  ;  1-phenyl- 
4-iftethyl-3 -amino- 
pyrazole,  log  e  4.29, 
Xmax  290  mp ;  1-phenyl- 
3  -(p-aminophenylsul- 
famido)-pyr azole,  loge 
4.48,  267  mp . 


1,5  -Diphenyl-3  -acetamidopyrazoline  was  obtained  by  a  method  analogous  to  the 
synthesis  of  1 -phenyl-3 -acetamidopyrazoline  from  0.2  mole  of  1,5 -diphenyl-3 -amino¬ 
pyrazoline  in  Olio  yield  and  had  m.p.  165“  (from  methanol). 

Found  70 ;  N  15.12,  14.96.  C17H17ON3.  Calculated '7o:  N  15.05. 

1  -Phenyl-4 -methyl-3 -acetamidopyrazoline  was  obtained  analogously  from  0.25 
mole  of  1 -phenyl-4 -methyl-3 -aminopyrazoline  in  83^o  yield  and  had  m.p.  125-126“ 
(from  methanol). 

Found '7o:  N  19.11,  18.83.  CcHjsONa.  Calculated  N  19.35. 

1  -Phenyl -5 -methyl -3 -acetamidopyrazoline  was  obtained  from  0.09  mole  of  1- 
phenyl-5 -methyl-3 -aminopyrazoline  in  78^0  yield  and  had  m.p.  123-124“  (from 
methanol). 

Found  io:  n  19.09,  18.98.  C0HJ5ON3.  Calculated  io;  N  19.35. 

1 -Phenyl-3 -am inopyrazole.  A  76.4  g  sample  of  1 -phenyl -3 -acetamidopyrazoline 
was  fused  and  then  at  200-205"  (in  the  mixture),  12.8  g  of  powdered  stick  sulfur  was 
slowly  added.  When  the  liberation  of  hydrogen  sulfide  had  ceased  (~1.5  hr),  the  hot 
mixture  was  poured  slowly  into  350  ml  of  concentrated  hydrochloric  acid  and  the  reac¬ 
tion  mixture  evaporated  by  boiling  fev  1  hr.  Then  6  ’g  of  activated  charcoal  was  added 
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and  die  mixture  heated  for  a  further  15  min.  The  reaction  mixture  was  filtered  and  made  alkaline  with  ammonia. 

The  crystalline  mass  liberated  was  collected  and  dissolved  In  100  ml  of  boiling  benzene  and  the  solution  filtered. 

When  20  ml  of  ligroln  had  been  added  to  the  benzene  solution,  the  1 -phenyl-3 -aminopyrazole  crystallized.  The 
yield  was  50  g  (78f^)  and  the  m.p.  88-89*  [4]. 

l-Phenyl-4-methyl-3-amlnopyrazole  was  obtained  analogously  from  0.2  mole  of  1 -phenyl -4 -methyl -3- 
acetamldopyrazoUne  In  23^  yield  and  had  m.p.  111-112*  (from  methanol). 

Found‘d:  C  69.44,  69.36;  H  6.61,  6.61.  CiqHuNj.  Calculated*^:  C  69.36;  H  6.36. 

l-Phenyl-5-methyl-3 -aminopyrazole  was  obtained  from  0.2  mole  of  1 -phenyl-5 -methyl-3 -acetamidopyrazoline 
In  4(f^  yield  and  had  m.p.  82-83*  (from  Ugroin). 

Found  N  24.20,  23.98.  CjoHuNj.  Calculated  N  24.27. 

1.5 - Dlphenyl-3 -aminopyrazole  was  obtained  from  0.2  mole  of  1,5 -diphenyl -3 -acetamidopyrazoline  in  56*70 
yield  and  had  m.p.  135-137“  (from  benzene)  [4]. 

Found  *7o:  N  17.50,  17.57.  C^gHoNj.  Calculated  *7o:  N  17.87. 

1 -Phenyl-3 -(p-aminophenylsulfamido)-pyrazole.  To  a  solution  of  9.8  g  of  1 -phenyl-3 -aminopyrazole  in  10ml 
of  anhydrous  pyridine  was  added  21  g  of  p-acetamidobenzenesulfonyl  chloride  and  the  mixture  left  overnight.  It  was 
then  diluted  with  150  ml  of  2  N  hydrochloric  acid  and  the  crystalline  mass  collected  and  hydrolyzed  by  boiling  for 
3-4  hr  with  100  ml  of  2  N  sodium  hydroxide  solution.  The  cooled  reaction  mixture  was  acidified  with  acetic  acid 
and  the  sulfamide  derivative  collected.  The  yield  was  9.7  g  (SO^o)  and  the  m.p.  174-176*  (from  5(/7o  methanol) [5]. 

Found  *7o:  N  17.30,  17.20.  CBHi4qjN4S.  Calculated  *7®:  N  17.83. 

1.5 - Diphenyl-3 -(p-aminophenylsulfamido)-pyrazole  was  obtained  analogously  from  0.08  mole  of  1,5-diphenyl- 
3 -aminopyrazole  in  5(f}o  yield  and  had  m.p.  215-217°  (from  methanol). 

Found  *70:  N  13.70,  14.01.  QiH„02N4S.  Calculated  *70:  N  14.36. 

l-Phenyl-4-methyl-3-(p-aminophenylsulfamido)-pyrazole  was  obtained  from  0.026  mole  of  l-phenyl-4- 
methyl-3 -aminopyrazole  in  85.7*7o  yield  and  had  m.p.  167-168°  (from  aqueous  methanol). 

Found  *7o:  N  16.81,  16.92.  CigHigCfeN^S.  Calculated  *7o:  N  17.07. 

1 -Phenyl -5 -methyl -3  -(p-amlnophenylsulfamido)-pyrazole  was  obtained  analogously  from  0.007  mole  of  1- 
phenyl-5-methyl-3-aminopyrazole  in  83.7*70  yield  and  had  m.p.  170-172°  (from  aqueous  methanol). 

Found  *7o:  N  16.89,  17.10.  Ci6Hi6QjN4S.  Calculated  *7o:  N  17.07. 

1  -Phenylpyrazolone -3 .  A  16.2  g  sample  of  l-phenylpyrazolidone-3  was  mixed  with  3.2  g  of  sulfur  in  a  small 
Claisen  flask  and  heated  until  the  evolution  of  hydrogen  sulfide  ceased  (0.5  hr  at  170-190°).  After  the  evolution  of 
the  gas,  the  reaction  mixture  was  vacuum  distilled.  We  obtained  14.9  g  (93.1*7®)  of  1 -phenylpyrazolone -3  with  b.p. 
206-218°  (33  mm)  and  m.p.  152°  (from  a  mixture  of  benzene  and  ligroin)  [6]. 

Found  *7®:  C  67.77,  67.68;  H  5.29,  5.21.  CgllgONj.  Calculated  *7®:  C  66.72;  H  5.03. 

1 -Phenyl -4-methylpyrazolone-3  was  obtained  analogously  but  without  distillation  in  a  yield  of  75^®  from  0.04 
mole  of  l-phenyl-4-methylpyrazolidone-3  and  had  m.p.  210°  (from  a  mixture  of  benzene  and  ligroin)  [7]. 

l-Phenyl-5-methylpyrazolone-3  was  obtained  analogously  from  0.04  mole  of  1 -phenyl-5 -methylpyrazolidone - 
3  in  42^7®  yield  and  had  m.p.  153-155°  (from  a  mixture  of  benzene  and  ligroin)  [8]. 

1.5- Dlphenylpyrazolone-3  was  obtained  analogously  but  without  distillation  from  0.04  mole  of  1,5-diphenyl- 
pyrazolldone-3  in  507®  yield  and  had  m.p.  252°  (in  a  sealed  capillary,  from  benzene)  [9]. 

SUMMARY 

1,  It  was  shown  that  3-hydroxypyrazolines  may  be  dehyrogenated  to  the  corresponding  pyrazolones-3  by 
heating  with  sulfur. 

2.  It  was  shown  that  3-acetamidopyrazolines  may  be  dehyrogenated  smoothly  to  the  corresponding  3-acet- 
amidopyrazoles. 
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3.  The  3 -amlnopyrazoles  were  used  to  synthesize  sulfamide  derivatives,  which  are  potential  antimicrobial 
agents. 
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In  addition  to  their  value  in  diene  synthesis,  1, 4-diary Ibutadienes  of  the  type  Ar-CH=  C(R)~C(R)=CH— Ar’ 
have  recently  found  application  as  luminophors  [1],  Meanwhile,  there  are  no  good  methods  of  synthesizing  com¬ 
pounds  of  this  type.  Thus,  1,4-diphenylbutadiene  (bistyryl)  is  formed  in  25-30*70  yield  [2]  by  condensation  of  phenyl- 
acetic  acid  and  cinnamaldehyde.  Other  methods  of  synthesizing  this  diene  are  even  less  efficient  [3].  Laborious 
methods  giving  low  yields  have  also  been  described  for  the  preparation  of  several  1,4 -diary Ibutadienes  with  sub¬ 
stituents  in  the  benzene  nuclei  [4]  or  in  the  diene  chain.  For  example,  B.  M.  Mikhailov  and  L.  S.  Povarov  [5] recen¬ 
tly  described  the  preparation  of  2-methyl-l,4-diphenylbutadiene-l,3  in  12^7o  yield  by  the  reaction  of  benzylmag- 
nesium  chloride  with  the  diethyl  ketal  of  l-phenyl-l-ethoxybutanone-3. 

One  of  us  [6]  showed  previously  that  the  action  of  benzenediazonium  chloride  on  a -phenyl-  and  a-(p-tolyl)- 
butadiene  under  the  conditions  of  the  Meerwein  reaction  gives  good  yields  of  l,4-diphenylbutadiene-l,3  and  1- 
phenyl-4-(p-tolyl)-butadiene-l,3,  respectively.  In  the  present  work  we  made  a  detailed  investigation  of  this  re¬ 
action,  which  we  consider  interesting,  and  extend  it  to  the  arylation  of  a  -ary Ibutadienes  mainly  with  substituents 
in  the  diene  chain.  The  starting  a -ary Ibutadienes  could  be  synthesized  readily  by  the  previously  reported  chloro- 
arylation  of  butadiene  [7],  isoprene  [8],  and  chloroprene  [7]  with  subsequent  elimination  of  hydrogen  chloride  from 
the  4-chloro-l-arylbutenes-2  fonned  [9]. 

As  early  as  1936  it  was  reported  [10]  that  a-phenylbutadiene  reacts  with  aromatic  diazo  compounds  under 
normal  conditions  without  the  liberation  of  nitrogen.  Our  experiments  showed  that  in  an  aqueous  actone  solution 
(4  ;  3)  in  the  presence  of  cupric  chloride,  arenediazonium  chlorides  react  with  a -ary Ibutadienes;  nitrogen  and 
hydrogen  chloride  were  liberated.  In  addition  to  a-phenyl-  and  a-p-tolylbutadienes,  which  were  tried  previously, 
we  carried  out  reactions  under  these  conditions  with  2 -methyl-1 -phenylbutadiene -1,3  (a -phenylisoprene),  2-methyl- 
l-(p-tolyl)”butadiene-l,3  [a-(p-tolyl)-isoprene],  2,3-dimethyl -phenylbutadiene-1,3  (a-phenylbiisopropenyl),  2- 
chloro-1 -phenylbutadiene -1,3  [a -(p-tolyl) -chloroprene],  on  the  one  hand,  and  benzene-,  p-toluene-,  and  p-nitro- 
benzenediazonium  chlorides,  on  the  other.  For  the  reaction  with  the  first  two  diazonium  chlorides,  a  medium  pH 
of  4-6  was  optimal;  in  the  case  of  p-nitrobenzenediazonium  chloride,  arylation  occured  in  a  mcie  acid  medium  (pH 
1-2).  Simple  purification  of  the  reaction  products,  which  usually  consisted  of  a  tarry  mass,  yielded  1,4-diaryl- 
butadienes  (1-X),  data  on  which  are  given  in  the  table. 

As  regards  the  mechanism  of  the  reaction,  there  are  grounds  for  considering  that  arylation  is  preceded  by  the 
addition  of  the  aryl  radical  (Ar’)  and  chlorine  atom  of  the  diazo  compound  to  the  3-4  double  bond  of  the  a-aryl- 
butadiene.  The  Ar’  radical  adds  to  the  w-carbon  atom,  which  has  the  highest  electron  density.  In  this  connection 
it  is  interesting  to  note  that  our  experiments  on  the  arylation  of  a-(p-nitrophenyl)-butadiene  showed  that  this 
diene  cannot  be  arylated  by  the  given  method.  In  this  case  the  nitio  group  undoubtedly  has  an  effect  along  the 
conjugation  chain  and  deactivates  the  a; -carbon  atom: 
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In  the  intermediate  addition  product,  the  chlorine  atom  is  apparently  attached  to  the  third  carbon  atom  as  it  is 
known  that  with  such  arylbutadiencs  as  ot-phenylbutadiene,  the  addition  of  elementary  chlorine  [11]  and  bromine 
[12]  and  also  hydrogen  chloride  and  bromide  [13]  and  hypochlorous  and  hypobromous  acids  [14]  occurs  at  position 
3  and  4.  The  ease  with  which  the  elements  of  HCl  are  then  eliminated  from  the  intermediate  product  must  be  ex¬ 
plained  by  the  considerable  lability  of  the  a -hydrogen  atoms  under  the  influence  of  the  newly  introduced  radical 
Ar*.  The  above  may  be  represented  by  the  following  schemes: 


Ar ■  -  N,  -  Cl  Ar'  •  +  Cl  ■  +  N, 


ArCH=^C=CH2  Ar  • 

I  I  ‘ 

R  R 


Ar-CH=C-C-CH2-Ar 
R  R 


♦Cl« 


Ar-CH=C-CCl-CH2-Ar 
I  I 

R  R 


-HCl 


Ar-CH  =  C-C  =  CH-Ar 
I  I 

R  R 


M,  CH,,Cl. 


Tile  participation  of  the  chlorine  atoms  in  the  arylation  is  indicated  by  the  following  facts  we  observed:  if 
the  reaction  was  carried  out  in  the  absence  of  chlorine  ions,  for  example,  if  an  arenediazoninm  sulfate  or  nitrate 
with  CUSO4  or  Cu(N03)2,  respectively,  were  used,  no  liberation  of  nitrogen  occurred  and  1,4 -diary Ibutadiencs  were 
not  formed;  if  chlorine  ions  were  introduced  into  this  reaction  mixture  by  the  addition  of  sodium  potassium  or  cal¬ 
cium  chlcHTide  solution,  the  liberation  of  nitrogen  began  immediately  and  the  reaction  ended  with  the  formation  of  a 
1,4-diarylbutadicne.  This  is  also  an  indication  of  the  fact  that  arylation,  like  cliloroarylation  [0],  involves  radical 
and  atomic  particles  formed  by  homolytic  decomposition  of  the  arenediazonimn  in  the  presence  of  cupric  chloride 


\  mfi 


Fig.  1.  Absorption  spectra  of  alcohol  solutions:  1,4-diphcnyl- 
butadiene-1,3  (1),  l-phcnyl-4-(p-tolyl)-butadicne-l,3  (2),  2- 
metliyl-l,4-diphcnylbuiadiene-l,3  (3),  2-mcthyl-l-plienyl-4- 
(p-tolyl)-butadicne-l,3  (4),  2-methyI-l,4-di-(p-tolyl)-buta  - 
dienc-1,3  (5),  2, 3 -dimethyl-1, 4-diphcnylbutadiene-l, 3  (G). 


and  the  unsaturated  compound.  It  is  also  possible  to  explain  why  only  copper  halides  are  effective  catalysts  of  the 
reaction,  while  sulfates  and  nitrates  are  inactive.  The  possibility  of  the  formation  of  atomic  chlorine  under  the  con¬ 
ditions  of  the  Meerwein  reaction  lias  been  demonstrated  [15],  wliile  die  ex-istcncc  of  8(^4  and  NOj  radicals  under 
these  conditions  is  improbable. 

The  1,4-diarylbutadienes  synthesized  were  stable  and  could  be  stored  for  an  indefinite  period.  The  dienes 
(I-V)  and  (VII-IX)  were  colorless,  crystalline  substances,  while  the  dienes  (VI)  and  (X)  were  light  yellow.  The 
ultraviolet  absorption  spectra  of  alcohol  solutions  of  the  dienes  (1-V)  and  (VII)  were  plotted  on  an  SF-4  spectro¬ 
photometer.  When  compared  with  known  data  for  compounds  (I)  and  (II)  [16],  the  spectrographic  data  (table  and 
Fig.  1)  showed  that  all  the  compoiuids  of  die  group  had  similar  structures.  In  addition,  it  should  be  noted  that  methyl 
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1, 4-Diary  lbutadienes-1, 3 


No.  of 
substance 

1,4-Diarylbutadienes-1,3  prepared 

Starting  materials 

ot-arylbutadiene 

ArNjCl 

(I) 

c,H,-cii---r,n-cii=r,ii-c,ii, 

C.H,-CH=CH-CH-CH, 

CoUsNaCl 

(H) 

C«H.-CH=CII  -CHr-  r,H-C,n,CH,-  p 

The  same 

p-CllaCelUNzCl 

(HI) 

C,H,-CII=C-CII=CH-C«II* 

CJU-CH=C-CH=CIT, 

CclIsNaCI 

CH, 

CH, 

(IV) 

CJI»-Cn=:C-CH=ClI-Ci,Il4r,H,-p 

1  ‘ 

The  same 

p  r, 11300114  N2GI 

CH, 

(V) 

p-CH,C,H.-CH=C-CnrrCH-C.TI,Cn,-p 

p  CH,C,H4-CH=r,-CHr=CH, 

The  same 

CH, 

CH, 

(VI) 

C,H,-CH=C-CH-CH-C,H.-NO,- p 

CeH*-CH=rC-CH=CII, 

1 

P-O2NCCH4N2CI 

CH, 

CH, 

(VIF) 

- C-CH-CJU 

1  1 

C«H:,-Cn=C - G=CH, 

1  1 

GollsNaCl 

CH,  CH, 

CH,  CH, 

(Viih 

c,ir.-rH-=c-cH  CH-  c,h» 

C,Hj-Cn.=C-CH=CH, 

The  same 

di 

1 

Cl 

(IX) 

p-CH,C,H,CHr^C-CH=CH-CJl4CH,  p 

■)-CH,C.H.-r,II=:C-CH=CH, 

p  Cn;,C,jH4N2Cl 

Cl 

Cl 

(X) 

CaH4-Cn--=C-CH=CH-C.H,-NO,  p 

1  ‘ 

C,H*-C1I==C-CH=CH, 

p-OaNColliNoCl 

Cl 

1 

Cl 

Xmp 

Fig.  2.  Absorptioa  spectra 
of  benzene  solutions:  2- 
methyl  -1  -phenyl  -4  -(p  - 
nitropheny  1)  -b  utadiene  - 
1,3  (1)  and  2-chloro-l- 
phenyl-4 -(p-nitrophenyl)- 
butadiene-1,3  (2). 


groups  or  a  chlorine  atom  attached  to  carl)on  atoms  of  the  diene  chain  of  compounds 
(lU-V)  and  (VII -IX)  displace  the  absorption  maximum  toward  shorter  wavelengths. 
This  displacement  is  particularly  appreciable  in  the  case  of  the  diene  (VII),  which 
has  two  methyl  groups  (Fig.  1);  here  the  displacement  reached  40  m/i .  On  the 
contrary,  methyl  groups  in  the  benzene  nuclei  of  the  dienes  (IV,  V,  and  IX)  dis¬ 
place  the  absorption  maximum  somewhat  toward  longer  wavelengtlis.  The  visible 
absorption  spectra  of  benzene  solutions  of  the  dienes  (VI)  and  (X),  which  contain  a 
nitro  group  in  the  aromatic  nucleus,  were  plotted  on  an  SF-2M  speetrophotometer 

(Fig.  2). 

Attempts  were  made  to  condense  all  the  dienes  (I-X)  with  maleie  anhydride. 
The  dienes  (I,  II,  VI,  VII,  and  X)  gave  crystalline  adducts  with  sharp  melting  points. 
However,  the  dienes  (III-V),  (VIII),  and  (IX),  which  have  a  methyl  group  or  a 
chlorine  atom  attached  to  the  second  carbon  atom,  did  not  give  adducts  either  after 
prolonged  heating  in  solvents  or  without  them  or  in  the  presence  of  catalytie  amounts 
of  iodine  or  triehloroacetic  acid.  These  groups  apparently  liave  a  specific  effect  on 
the  steric  configuration  of  these  dienes,  hindering  the  formation  of  adducts. 


EXPERIMENTAL 

1,4 -Diary Ibutadienes.  The  reaction  procedure  was  identieal  with  that  de- 
seribed  in  the  literature  for  the  chloroarylation  of  conjugated  dienes  [7-9].  An 
aqueous  solution  of  the  arenediazonium  chloride  (50-60  ml)  was  prepared  by  di- 
azotization  of  0.1  mole  of  the  aromatic  amine  in  hydrochloric  acid  with  sodium 
nitrite.  Solutions  of  benzene-  and  p-toluenediazonium  chlorides  were  neutralized 
to  pH  4-6  with  powdered  sodium  bicarbonate;  the  solution  of  p-nitrobenzenedi- 
azonium  chloride  was  partly  neutralized  to  pH  ~2.  To  the  solution  of  tire  diazonium  ehloride  cooled  to  0°  was 
added  0.02  mole  of  CuClg  •  2H2O, 
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Yield 

(%) 


Melting 

point 


'^nnax 

(mp) 


Empirical  formula 


*  Analysis  for  nitrogen. 

•  •  Analysis  for  dtlorine. 


Found 


90 

149® 

329 

CieHi4 

93.30, 

93.27 

6.76, 

6.71 

6.84 

203® 

75 

156 

332 

92.55, 

92.54 

7.42, 

7.46 

92.66 

7.34 

219 

58 

80 

312.5 

C17HH 

92.64, 

92.58 

7.16, 

7.24 

92.66 

7.34 

— 

50 

99 

317 

CigHis 

91.85, 

91.88 

7.68, 

7.64 

92.28 

7.74 

— 

54 

105 

319 

C19H20 

91.78, 

91.75 

8.27, 

8.21 

91.88 

8.12 

— 

36 

133 

430 

^17^15^2^ 

76.58, 

76.53; 

5.18,* 

5.16 

5.75, 

5.73 

76.96 

5.28 

5.70 

183-184 

46 

129 

290 

CisHis 

92.11, 

91.94 

7.85, 

7.76 

92.28 

7.74 

163-164 

37 

93-94 

— 

CieHisCl 

14.60.** 

14.52 

14.76*  • 

— 

45 

134-135 

— 

CigHivCl 

13.23,** 

13.02 

13.20** 

— 

45 

153 

420 

^18^  J2O2NCI 

5.02,* 

5.11 

4.90* 

210-220 

Calc. 


Melting  point 
of  adduct  with 
maleic  an- 


The  solution  of  the  arenediazonium  chloride  and  cupric  chloride  was  gradually  added  with  stirring  to  an  acetone 
solution  of  0.1  mole  (volume  ~40  ml)  of  freshly  distilled  a -arylbutadiene.  In  the  reactions  widi  benzene-  and  p- 
toluenediazonium  chlorides,  nitrogen  was  liberated  at  20-30*.  As  the  acidity  of  the  medium  rose,  calcium  oxide 
powder  was  added  to  the  mixture  in  portions  to  keep  the  pH  at  4-6  (samples  tested  with  universal  indicator  paper). 

The  reaction  with  p-nitrobenzenediazonium  chloride  were  carried  out  at  0-2*.  At  the  end  of  the  liberation  of 
nitrogen  (~lhr).the  acetone  and  reaction  byproducts  (ArCl)  were  steam  distilled  from  die  mixture.  The  residue 
was  a  viscous  tarry  mass,  which  was  dissolved  in  benzene.  The  dark  benzene  solution  was  dried  with  calcium  diloride 
and  chromatographed  on  alumina.  The  bulk  of  the  tar  was  retained  by  the  top  layer  of  the  sorbent.  The  benzene 
was  distilled  from  the  clear  filtrate.  The  solid  residue  was  recrystallized  from  alcohol  (table). 

Condensation  of  1,4-diarylbutadienes  with  maleic  anhydride.  The  dienes  (I,  II,  VI,  Vn,  and  X)  were  heated 
at  125-130"  for  6-24  hr  with  a  20^o  excess  of  maleic  anhydride.  The  solidified  melt  was  purified.  The  melting 
points  of  the  adducts  obtained  are  given  in  the  table. 

The  adduct  of  diene  (1)  was  recrystallized  from  benzene.  A  mixed  melting  point  with  an  authentic  sample 
of  the  adduct  of  1,4-diphenylbutadiene  with  maleic  anhydride  was  not  depressed. 

3 - Phenyl-6 -(p-tolyl)-l,2,3,4-tetrahydrophthalic  anhydride  (from  diene  II)  was  purified  by  recrystallization 
from  benzene. 

Found C  79.52,  79.93;  H  5.98,  5.85.  CjiH^Qj.  Calculated‘S;  C  79.91;  H  5.70* 

4- Methyl-3-phenyl-6-(p-nitrophenyl)-l,2,3,4-tetrahydrophthalic  anhydride  (from  diene  VI),  The  melt  was 
wadied  with  benzene  and  recrystallized  from  ethyl  acetate. 

Found  ‘S:  C  69.97,  69.87;  H  5.12,  4.87.  CgjHiTOgN.  Calculated'S;  C  69.41;  H  4.72. 
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4,5 -Dlmethyl-3,6 -diphenyl-1,2,3,6 -tetrahydrophtfiallc  anhydride  (from  diene  VII)  was  recrystallized  from 
benzene. 

Found  *70:  C  79.50,  79.35;  H  6.28,  6,10.  Calculated  C  79.49;  H  6.07. 

4-ChIoro-3-phenyI-6-(p-nitrophenyI)-l,2,3,6-tetrahydrophthaIic  anhydride  (from  diene  X).  The  melt  was 
washed  with  benzene. 

Found‘d;  N  3.90,  3.84.  CjoHiANCl.  Calculated  *70;  N  3.64. 

SUMMARY 

1.  In  die  reaction  of  a-arylbutadienes  with  arenediazonium  chlorides  in  the  presence  of  cupric  chloride,  the 
cu-hydrogen  atom  of  the  diene  was  replaced  by  the  aryl  radical  of  the  diazo  compound  to  form  1,4 -diary Ibutadienes- 
1,3  of  the  type  Ar~CH=C(R)“C(R)=CH-Ar’.  Ten  diarylbutadienes  were  synthesized  by  this  method. 

2.  An  explanation  of  the  reaction  mechanism  is  proposed. 

3.  The  physicochemical  and  spectrographic  characteristics  of  the  diarylbutadienes  synthesized  are  given. 
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MANNICH  BASES  IN  THE  SERIES  OF  5  -  H  YD  ROX  Y  N  A  P  HT  H  OFURA  N 
AND  5 -HYDROXYBENZINDOLE  DERIVATIVES 

A.  N.  Grinev,  Shl-Tsun  Hun,  and  A.  P.  Terent’ev 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1902-1906,  June,  1961 

Original  article  submitted  July  9,  1960 

According  to  the  data  in  an  American  patent  [1],  5 -hydroxyindole  derivatives,  first  described  by  us  [2-4],  enter 
into  the  Mannich  reaction.  In  this  patent  [1]  it  is  also  indicated  that  Mannich  bases  of  this  type  exhibit  a  very  high 
activity  as  serotonin  antimetabolites.  The  5-hydroxynaphthofuran  (I,  II)  and  5-hydroxybenzindole  (III,  (IV)  deriva¬ 
tives  do  not  react  with  formaldehyde  and  dimethylamine  under  the 
usual  conditions.  Prolonged  reaction  of  the  1 -phenyl -5 -hydroxy - 
benzindole  derivative  with  formaldehyde  and  dimethylamine  hydro¬ 
chlorides  gave  bis(l -phenyl -2 -methyl -3 -carbethoxy -5 -hydroxy - 
benzlndol-4-yl)methane  (V). 

We  were  able  to  obtain  Mannich  bases  (VI -VIII)  by  re¬ 
acting  the  5-hydroxynaphthofuran  (I,  II)  and  5-hydroxybenzindole 
(III)  derivatives  with  bis(dimethyIamino)methane.  The  struc¬ 
ture  of  the  obtained  compounds  was  proved  by  their  oxidation 
to  the  corresponding  o-quinones  (IX  -  XI),  which  had  been 
synthesized  by  us  [5,  6]  earlier.  When  heated  in  aqueous  so¬ 
lution  the  hydrochlorides  of  Mannich  bases  (VI -VIII)  decom¬ 
pose  with  the  formation  of  dimethylamine  hydrochloride  and 
cyclic  peroxides  (XII  -  XIV).  The  peroxides  were  reduced  to 
the  bis(naphthofuroyl)ethane  derivatives  (XV  -  XVI)  and  the 
substituted  bis(benzindolyl)ethane  (XVn).  These  compounds  have 
ultraviolet  spectra  that  are  similar  to  those  of  the  5-hydroxy¬ 
naphthofuran  (I,  II)  and  5-hydroxybenzindole  (III)  derivatives. 
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Spectra  of  soluticms  in  absolute  dioxane. 

1)  2-Phenyl-3-carbethoxy-5-hydroxy- 
naphthofuran  (II);  2)  peroxide  (XIII);  3) 
bis(naphthofuroyl)ethane  derivative  (XVI), 


In  the  diagram  we  have  shown  the  ultraviolet  spectra  of  the 
2 -phenylnaphthofuran  derivative  (II),  the  cyclic  peroxide  (XIII) 
obtained  from  it,  and  the  bis(naphthofuroyl)ethane  derivative 
(XVI). 
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EXPERIMENTAL 

Bls(l -phenyl-2 -methyl-3-carbethoxy-5 -hydroxybenzindol -4 -yl)methane  (V).  One  gram  of  benzindole  (IV) 
was  dissolved  in  15  ml  of  dioxane  at  room  temperature.  To  the  obtained  solution  were  added  0.25  g  of  40®7o  for¬ 
malin  solution  and  0.3  g  of  dimetl^Iamine  hydrochloride  as  a  50^o  solution  in  water.  The  reaction  solution  was 
^ken  for  24  hr  at  room  temperature  and  then  allowed  to  stand  for  5  days.  The  obtained  precipitate  of  compound 
(V)  was  filtered  and  recrystallized  from  dioxane.  Yield  0.6  g,  m.p.  250-253"  (decomp.). 

Found  C  76.76,  76.56;  H  5.39,  5.68.  C^HagOgNj.  Calculated  :  C  76.90;  H  5.45. 

2  -Mediyl-3  -caifaetfaoxy  -4-metfaylaminomethyl-5  -hydroxynaphthofuran  (VI).  A  suspension  of  27  g  of  naphtho- 
furan  (I)  in  70  ml  of  dioxane  and  11  g  of  bis(dimethylamino)methane  was  heated  on  the  water  bath  with  stirring,  for 
3.5  hr  at  65-70*.  The  obtained  solution  was  cooled,  and  acidified  with  coned,  hydrochloric  acid  to  Congo.  The 
obtained  crystals  of  frie  hydrochlOTide  of  Mannich  base  (VI)  were  dissolved  in  water.  The  free  Mannich  base  (VI) 
was  isolated  from  diis  solution  by  treatment  with  1  N  sodium  hydroxide  until  alkaline  to  litmus.  The  obtained 
crystab  were  separated  and  dried.  The  yield  of  compound  (VI)  was  25  g  (707o),  m.p.  115-117*  (from  aqueous  dioxane). 

Found‘d;  C  69.82,  69.66;  H  6.18,  6.37.  CUH21O4N.  Calculated <70;  C  69.70;  H  6.47. 
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2-Phenyl-3-carbethoxy-4-dimethylaminomcthyl-5-hydroxynaphthofuran  (VII).  For  the  experiment  we  took 
33.2  g  of  naphthofuran  (II),  11  g  of  bis(dimethyIamino)methane,  and  80  ml  of  dioxane.  The  reaction  mixture  was 
heated  with  stirring  for  4.5  hr  at  70-75°.  The  yield  of  the  hydrochloride  of  compound  (VII)  was  40.5  g  (94^),  m.p. 
222-223°  (from  aqueous  alcohol). 

Found  *70;  C  67.35,  67.40;  H  5.97,  5.76.  C24H23O4N  •  HCl.  Calculated  *70 ;  C  67.68;  H  5.68. 

1,2  -Dimethyl  -3  -carbethoxy  -4  -dimethy laminomethy  1  -5  -hydroxybenzindole  (VIII).  For  the  experiment  we 
took  28.3  g  benzindole  (III),  il  g  of  bis(dimethylamino)methane,  and  200  ml  of  dioxane.  The  reaction  mixture 
was  heated  with  stirring  for  4  hr  at  75-80*.  The  hydrochloride  of  (VIII)  was  puriiled  from  starting  compound  (III) 
by  dissolving  the  obtained  crystals  in  water.  The  Mannich  base  (VIII)  was  isolated  from  a  water  so’  'tion  of  its 
hydrochloride  by  treatment  of  the  solution  with  1  N  sodium  hydroxide  until  alkaline  to  litmus.  The  yield  of  com¬ 
pound  (VIII)  was  17  g  (5(flo),  m.p.  336-337°  (from  aqueous  dioxane). 

Found  *70:  C  70.81,  70.87;  H  7.01,  7.04.  C2oH240^N2.  Calculated ‘7o:  C  70.56;  H  7.11. 

2 -Methyl -3 -carbethoxy -4,5 -dioxonaphthofuran  (IX).  To  a  suspension  of  0.33  g  of  compound  (VI)  in  2  ml 
of  acetic  acid  was  added  0.2  ml  of  nitric  acid  (d  1.5)  at  room  temperature.  The  reaction  mixture  was  shaken  and 
heated  until  all  of  the  hydroxy  compound  (VI)  had  dissolved,  allowed  to  stand  at  room  temperature  for  30  min,  and 
then  diluted  with  3  volumes  of  water.  The  yield  of  quinone  (IX)  was  0.21  g,  m.p.  141.5-142.5°  (from  alcohol), 
which  agrees  with  the  earlier  obtained  data  [6]. 

Found  I0:  C  67.30,  67.48;  H  4.23,  4.21.  CjeHoOg.  Calculated  <70 :  C  67.58;  H  4.26. 

2-Phenyl-3 -carbethoxy -4,5 -dioxonaphthofuran  (X).  For  the  experiment  we  took  0.42  g  of  the  hydrochloride 
of  compound  (VII),  0.2  ml  of  nitric  acid  (d  1.5),  and  2  ml  of  acetic  acid.  The  oxidation  and  the  isolation  of  quinone 
(X)  were  carried  out  under  the  conditions  of  the  preceding  experiment.  Yield  0.25  g,  m.p.  196°.  The  mixed  melting 
point  with  (X)  obtained  by  us  earlier  [6]  was  not  depressed. 

1,2 -Dimethyl -3 -carbethoxy -4,5 -dioxobenzindole  (XI).  For  the  experiment  we  took  0.34  g  of  compound  (VIII), 
0.2  ml  of  nitric  acid  (d  1.5),  and  2  ml  of  acetic  acid.  The  reaction  and  the  isolation  of  quinone  (XI)  were  carried 
out  under  the  conditions  of  the  proceeding  experiment.  Yield  0.23  g,  m.p.  190.5-191°.  The  mixed  melting  point 
with  (XI)  obtained  by  us  earlier  [5]  was  not  depressed. 

Peroxide  of  bis(naphthofuroyl)ethane  derivative  (XII).  A  solution  of  22.9  g  of  the  hydrochloride  of  (VI)  in 
400  ml  of  distilled  water  was  refluxed  for  30  min.  The  obtained  crystals  were  filtered  and  recrystallized  from  di¬ 
oxane.  Yield  15  g,  m.p.  217-218°. 

Compound  (XII)  gives  a  qualitative  test  for  peroxide  with  potassium  iodide  and  with  isatin. 

Found  *70:  C  72.19,  72.23;  H  5.30,  5.11.  M  560.*  C34H28O8.  Calculated  ‘7o:  C  72.33;  H  5.00.  M  564. 

Peroxide  of  bis(naphthofuroyl)ethane  derivative  (XIII).  For  the  experiment  we  took  2.5  g  of  the  hydrochloride 
of  (VII)  and  400  ml  of  distilled  water.  The  obtained  solution  was  refluxed  for  30  min.  The  obtained  crystals  of 
compound  (X III)  were  separated  and  recrystallized  from  dioxane.  Yield  19  g,  m.p.  241-242°. 

Found  C  76.45,  76.37;  H  4.85,  4.98.  C44H32O8.  Calculated  I0:  C  76.73;  H  4.68. 

Peroxide  of  bis(benzindolyl)ethane  derivative  (XIV).  For  the  experiment  we  took  15  g  of  the  hydrochloride 
of  (VIII)  and  300  ml  of  distilled  water.  The  reaction  solution  was  refluxed  for  30  min.  The  crystals  of  the  peroxide 
(XIV)  were  separated  and  recrystallized  from  dioxane.  Yield  11.3  g,  m.p.  225-226°  (decompn.). 

Found ‘7o:  C  73.25,  73.16;  H  5.84,  6.10.  C36H34O6N2.  Calculated '7o:  C  73.20;  H  5.80. 

Bis(naphthofuroyl)ethane  derivative  (XV).  To  a  solution  of  0.5  g  of  peroxide  (XII)  in  8  ml  of  anhydrous  di¬ 
oxane  and  5  ml  of  anhydrous  alcohol,  heated  in  a  water  bath,  was  added  0.1  g  of  skeletal  nickel  and  then  hydrazine 
hydrate  was  added  in  drops  over  5  hr.  The  hydrazine  hydrate  was  added  at  such  a  rate  that  the  nitrogen  evolution 
was  not  too  vigcxous.  The  combined  mixture  of  crystals  and  catalyst  was  filtered,  recrystallized  from  nitrobenzene, 
and  traces  of  nitrobenzene  were  removed  by  washing  with  alcohol.  The  yield  of  compound  (XV)  was  0.3  g,  m.p. 
281-281.5°. 

Found  I0:  c  72.38,  72.33;  H  5.42,  5.26.  C34H30O8.  Calculated  *70:  C  72.07;  H  5.34. 

*  The  molecular  weight  was  determined  cryoscopically  in  dioxane. 
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Bl8(naphthofijroyl)ethane  derivative  (XVI).  A  solution  of  1  g  of  peroxide  (XIII)  in  100  ml  of  glacial  acetic 
acid  was  prepared  by  heating  to  the  boil.  The  obtained  solution  was  then  treated  at  the  boil  with  zinc  dust  until  it 
became  colorless.  The  sludge  was  separated  from  the  hot  solution  by  fUtraticm.  The  solution  was  cooled,  and  the 
obtained  crystals  were  separated.  The  yield  of  compound  (XVI)  was  0.8  g,  m.p.  225*  (from  benzene). 

Found  C  76.17,  76.16;  H  5.11,  5.07.  C44H3P8.  Calculated  C  76.51;  H  4.96. 

Bis(benzindolyl)ethane  derivative  (XVII).  For  the  experiment  we  took  2  g  of  peroxide  (XIV)  and  250  ml  of 
acetic  acid.  The  reduction  of  the  peroxide  with  excess  zinc  dust  and  the  isolation  of  the  compound  were  carried 
out  under  the  conditions  of  the  preceding  experiment.  The  yield  of  compound  (XVII)  was  1.8  g,  m.p.  202-203® 
(from  dichloroethane). 

Found C  72.98,  72.78;  H  6.14,  6.24.  CscHaeOgNj.  Calculated®^;  C  72.95;  H  6.12. 

Bis(methoxynaphthofuroyl)ethane  derivative  (XVIII).  A  suspension  of  0.3  g  of  bis(naphthofuroyl)ethane  (XV) 
in  10  ml  of  dioxane  was  treated  with  1.7  ml  of  2  N  sodium  hydroxide,  and  then  with  0.41  g  of  dimethyl  sulfate.  The 
reaction  mixture  was  heated  on  the  water  bath  for  1  hr  with  stirring,  cooled,  diluted  with  water,  and  the  obtained 
precipitate  was  filtered.  The  yield  of  compound  (XVIII)  was  0.25  g,  m.p.  201.5-202.5*  (from  dioxane). 

Found  Is;  C  72.76,  72.82;  H  5.93,  5.82.  CjgHsP,.  Calculated  ®/o;  C  72.71;  H  5.76. 

Bis(methoxynaphthofuroyl)ediane  derivative  (XIX).  Fot  the  experiment  we  took  1.35  g  of  compound  (XVI), 

4.5  g  of  dimediyl  sulfate,  7  ml  of  2  N  sodium  hydroxide,  and  25  ml  of  dioxane.  The  reaction  and  the  isolation  of 
the  compound  were  carried  out  under  the  conditions  of  the  preceding  experiment.  The  yield  of  the  dimethoxy 
derivative  (XIX)  was  1.38  g,  m.p.  195*  (from  dioxane). 

Found‘d;  C  76.67,  76.91;  H  5.51,  5.63.  M  736.0.  C^HagOg.  Calculated  ®/o;  C  76.88;  H  5.29.  M  720.7. 

Bis(acetylnaphthofuroyl)ethane  derivative  (XX).  With  cooling,2mlof  acetyl  chloride  was  added  to  a  solution 
of  0.34  g  of  compound  (XVI)  in  2  ml  of  pyridine.  The  reaction  solution  was  allowed  to  stand  at  roOTi  temperature 
for  4  hr,  and  then  it  was  neutralized  with  1  N  sulfuric  acid.  The  obtained  crystals  were  recrystallized  from  acetic 
acid.  The  yield  of  the  acetyl  derivative  (XX)  was  0.2  g,  m.p.  336-337*. 

Found  %.  C  74.49,  74.64;  H  4.74,  4.68.  CggHagOjo.  Calculated  */«>;  c  74.41;  H  4.94. 

SUMMARY 

1.  Mannich  bases  were  obtained  in  high  yield  by  the  reaction  of  5 -hydroxynaphthofuran  and  5-hydroxyben- 
zindole  derivatives  with  bis(dimethylamino)methane. 

2.  It  was  established  that  the  oxidation  of  the  Mannich  bases  with  nitric  acid  leads  to  the  formation  of  o- 
quinones  of  the  naphthofuran  and  benzindole  series. 

3.  It  was  shown  that  the  hydrochlOTides  of  the  obtained  Mannich  bases,  when  heated  in  water  solution,  are 
converted  to  cyclic  peroxides  of  the  bis(naphthofuroyl)-  and  bis(benzindolyl)ethane  series. 

4.  Reduction  of  the  peroxides  gave  bis(naphthofuroyl)-  and  bis(benzindolyl)ethane  derivatives. 
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Earlier  [1,  2]  we  had  shown  that  O-methylcaprolactim  is  easily  condensed  with  a-amino-a-cyanoacetamide 
to  yield  the  amide  of  1,2 -pentamethylene-5-aminoimidazole -4 -carboxylic  acid,  from  which  various  8,9-penta- 
methylenepurines  (1,  n  =  3)  were  synthesized. 


N 


L-'cHj), 

(I)  "  =  1.  2or3. 


The  extension  of  this  reaction  to  other  lactams  opens  up  broad  vistas  for  the  syndiesis  of  a  whole  series  of  8,9- 
polymethylenepurines,  which  also  possess  definite  biological  interest. 

F(xr  this  purpose  we  investigated  in  the  present  study  the  possibility  of  expanding  the  scope  of  this  reaction  and 
the  conversion  of  the  lactim  esters  of  a -pyrrolidone  and  a-piperidone  to  the  corresponding  amides  of  1,2 -tri-  and 
tetramethylene-5-aminoimidazole-4-carboxylic  acids,  and  also  the  possibility  of  converting  the  latter  to  various 
8,9-tri-(I,  n  =  1)-  and  tetra-(II,  n  =  2)-methylenepurines. 

When  the  condensation  of  a-amino-a-cyanoacetamlde  (II)  with  O-methylbutyrolactlm  [3]  (III,  n  =  1)  was  run 
in  ethyl  cellosolve,  analogous  to  the  condensation  with  O-methylcaprolactim  [2],  the  amide  of  l,2-trimetiiylene-5- 
aminoimidazole-4-carboxylic  acid  (IV,  n  =  1)  was  obtained  in  only  ICFTo  yield.  An  attempt  to  run  this  reaction  in 
excess  alcoholic  hydrogen  chloride  solution  proved  unsuccessful;  here  the  hydrochloride  of  the  starting  amine  (11) 
was  recovered  almost  quantitatively.  An  attempt  to  run  the  condensation  of  (II)  with  (III,  n  =  1)  in  alcohol  solution 
in  the  absence  of  HCl  also  proved  unsuccessful.  However,  the  condensation  could  be  made  to  go  in  IS.T^o  yield  in 
alcohol  solution,  containing  a  catalytic  amount  of  hydrogen  chloride,  in  which  connection  increasing  the  HCl  con¬ 
centration  led  to  a  decrease  in  the  yield  of  the  reaction  product  (IV,  n  =  1). 
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This  effect  of  adding  a  small  amount  of  acid  can  be  explained  bjj  the  ability  of  the  CH80-C=  N  —  grouping 

to  add  a  proton  with  the  formation  of  the  more  reactive  cation  CH30-C=  NH-.  Salt  formation  at  the  NHj  group 
of  component  (II)  occurs  when  larger  amounts  of  hydrogen  chl(x:ide  are  added,  and  the  condensation  cannot  go. 


1783 


It  should  be  mentioned  that  in  contrast  to  6-hydroxy-8,9-pentamethylenepurine  (V,  n  =  3),  its  trimethylene 
analog  (V,  n  =  1)  when  reacted  with  POCI3  in  the  presence  of  C6H5N(CH3)^  is  converted  to  the  extremely  stable  com¬ 
plex  of  6-chloro-8,9-trimethylenepurine  (VI,  n  =  1)  with  QH5N(CH3)2,  from  which  we  were  able  to  isolate  only  a 
small  amount  of  the  free  compound  (VI,  n  =  1).  If  in  the  case  of  obtaining  the  unsubstituted  6  -chloropurine,  Bendich 
and  coworkers  [4]  were  able  to  decompose  such  a  complex  and  isolate  the  6 -chloropurine  because  of  the  presence 
of  a  labile  hydrogen  in  the  7  position  of  the  latter,  then  in  our  case  of  the  8,9-tri-  and  tetramethylene-6-chloro- 
purines  such  a  possibility  was  excluded. 

However,  on  the  example  of  the  8,9-tri-  and  tetramethylene-6-chloropurines  we  were  able  to  show  that  the 
conversion  of  the  compounds  (V,  n  =  1  or  2)  to  the  corresponding  chloro  derivatives  (VI)  when  reacted  with  POCI3 
goes  in  high  yield  even  in  the  absence  of  the  tertiary  base;  here  in  the  case  of  the  tetramethylene  derivative  (VI, 
n  =  2)  we  were  able  to  isolate  the  free  base,  as  well  as  the  hydrochloride  (VI,  n  =  2),  from  the  reaction  mass. 

The  high  basicity  of  the  6 -substituted  8,9-tetramethylenepurines  made  it  possible  in  the  case  of  6-benzyl- 
amino-8,9-tetramethylenepurine  (Xc,  n  =  2)  to  isolate  it  as  the  hydrochloride. 

A  comparison  of  the  ultraviolet  spectra  of  the  synthesized  6-hydroxy-8,9-tri-,  tetra-  and  pentamethylene- 
purines  with  the  spectrum  of  hypoxanthine  reveals  that  the  extinction  coefficient  increases  as  the  length  of  the 
polymethylene  chain  in  the  8-9  position  of  the  purine  ring  (I)  is  increased,  whereas  the  value  remains  prac¬ 

tically  unchanged  (Hgure). 

EXPERIMENTAL 

O-methylbutyrolactim  was  syndiesized  from  a -pyrrolidone  by  the  Petersen  procedure  [3].  Under  analogous 
conditions,  O-methylvalerolactim  was  obtained  from  a-piperidone  [5]  in  6(y7o  yield. 

Amide  of  1.2-trimethylene-5-aminoimidazole-4-carboxylic  acid  (IV,  n  =  1).  A  suspension  of  22.5  g  of  a- 
amino-a-cyanoacetamide  in  40  ml  of  anhydrous  alcohol  was  cooled  to  0°  and  then  1  ml  of  a  3tf7o  hydrogen  chloride 
solution  in  anhydrous  alcohol  was  added  in  drops,  followed  by  the  gradual  addition  of  24  g  of  O-methylbutyrolactim; 
the  mixture  was  refluxed  for  30  min.  The  consistency  of  the  precipitate  changed  during  the  refluxing,  and  the 
mass  became  thick.  The  reaction  mixture  was  cooled  and  the  precipitate  was  filtered,  washed  with  alcohol,  and 
dried  to  give  29.2  g  of  substance  with  m.p.  282-285*  (decompn.).  The  mother  liquor  was  evaporated  to  dryness, 
and  the  residue  was  triturated  with  10  ml  of  saturated  sodium  carbonate  solution  to  yield  an  additional  0.3  g  of 
substance  with  m.p.  280-284*  (decompn.).  The  total  yield  of  the  amide  of  1,2 -trimethylene -5 -aminoimidazole- 
4-carboxylic  acid  was  29.5  g  (78.7l7o). 
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The  compound  is  difficultly  soluble  in  most  cvganic  solvents  and  in  dilute  alkalies,  and  is  readily  soluble  in 
acids.  For  analysis  the  compound  was  recrystallized  from  water  (1  :  75)  to  give  rhomboid  crystals  with  m.p.  282- 
285*  (decompn.).  The  diazotized  amine  couples  in  alkaline  solution  with  a-naphthol  to  give  a  purple  dye,  and 
when  mixed  with  sulfanilic  acid  in  sodium  carbonate  solution  it  gives  an  orange  solution. 

Found  *70:  C  50.87;  H  6.02;  N  33.39.  C7H,oON4.  Calculated  °lo:  C  50.60;  H  6.06;  N  33.73. 

The  hydrochloride  of  1,2 -trimethylene-5-aminoimidazole-4 -carboxamide  was  obtained  by  adding  10  ml  of  a 
l0!/»  HCl  solution  in  anhydrous  methanol  to  a  suspension  of  2  g  of  the  free  base  in  20  ml  of  anhydrous  CH3OH;  here  the 
mass  became  thick.  The  mass  was  then  cooled,  and  the  precipitate  was  filtered  to  give  2.3  g  of  substance  with  m.p. 
256-258*  (decompn.).  Recrystallization  of  0.5  g  of  the  hydrochloride  from  a  mixture  of  40  ml  of  acetone  and  7.5  ml 
of  water  gave  long  prisms,  m.p.  258-260*  (decompn.). 

Found  ‘7o:  N  24.22;  Cl  15.43;  HjO*  12.8.  C7H10ON4  •  1.5  HjO  •  HCl.  Calculated  ‘7o:  N  24.40;  Cl  15.46; 

HjO  11.8. 

The  amide  of  1,2 -tetramethylene -5 -aminoimidazole -4 -carboxylic  acid  (IV,  n  =  2)  was  synthesized  in  the 
same  manner  as  (IV,  n  =  1);  yield  83.370,  m.p.  275-277*  (decompn.). 

Found  *70:  C  53.01;  H  6.69;  N  30.78.  C8HBON4.  Calculated  <70;  C  53.33;  H  6.66;  N  31.11. 

Hydrochloride  of  l,2-tetramethylene-5-aminoimidazole-4-carboxamide,  m.p.  259-261*  (decompn.). 

Found  *70:  N  25.84;  Cl  16.35.  CgHjjON^  •  HCl.  Calculated  *70;  N  25.86;  Cl  16.39. 

6-Hydroxy-8,9-trimethylenepurine  (V,  n  =  1).  A  mixture  of  10  g  of  the  amide  (IV,  n  =  1),  40  ml  of  OTtho- 
formic  ester  and  75  ml  of  acetic  anhydride  was  refluxed  for  3.5  hr.  During  the  heating  the  mixture  changed  to  a 
homogeneous  solution,  from  which  crystals  began  to  deposit.  The  reaction  mass  was  cooled,  and  the  precipitate 
was  filtered  to  give  5.4  g  of  substance  that  failed  to  melt  up  to  320*.  The  mother  liquor  was  evaporated  in  vacuo  to 
dryness,  and  the  residue  was  heated  with  200  ml  of  bOPIo  methanol  to  give  an  additional  2.7  g  of  substance,  that  also 
did  not  melt  up  to  320*.  The  total  yield  of  6-hydroxy-8,9-trimethylenepurine  was  8.1  g  (76.41*79). 

The  compound  is  difficultly  soluble  in  most  organic  solvents;  it  is  soluble  in  both  dilute  acids  and  alkalies; 
it  crystallizes  from  water  (1  :  15 )  as  prisms. 

Found  *79:  C  54.78;  H  4.24;  N  31.45.  C8H8ON4.  Calculated  *79:  C  54.54;  H  4.54;  N  31.81. 

6-Hydroxy-8,9-tetramethylenepurine  (V,  n  =  2)  was  obtained  in  a  similar  manner  from  the  amide  (IV ,  n  =  1); 
yield  75.8^9,  m.p.  ~340*  (decompn.).  Fot  analysis  the  compound  was  recrystallized  from  water  (1  : 120,  needles). 

Found  *79:  C  57.23;  H  5.22;  N  29.68.  C9H10ON4.  Calculated  *79;  C  56.84;  H  5.26;  N  29.47. 

6-Chloro-8,9-trimethylenepurine  (VI,  n=  1).  A  mixture  of  5  g  of  6-hydroxy-8,9-trimethylenepurine  and 
100  ml  of  POCI3  was  refluxed  for  6  hr.  After  1.5  hr  the  precipitate  had  dissolved  completely.  On  conclusion  of 
heating, the  dark  reaction  mass  was  evaporated  in  vacuo  to  dryness,  and  with  good  cooling  the  residue  was  treated 
with  25  g  of  cracked  ice  in  portions;  the  obtained  solution  was  extracted  with  chloroform,  the  extract  was  dried 
over  sodium  sulfate,  and  after  distilling  off  the  chloroform  we  obtained  4.35  g  (78.84*79)  of  substance  with  m.p. 
196-198°. 

6-ChlOTo-8,9-trimethylenepurine  is  soluble  in  most  cxganic  solvents  and  in  dilute  acids;  it  is  difficultly  so¬ 
luble  in  cold  water  and  in  dilute  alkalies;  for  analysis  it  was  recrystallized  from  anhydrous  alcohol  (1  :  12),  where 
it  was  obtained  as  plates  with  m.p.  202-204*. 

Found  *79:  N  28.24;  Cl  18.43.  C8H7N/:i.  Calculated  *79 :  N  28.79;  Cl  18.25. 

6-Chl(xo-8,9-tetramethylenepurine  (VI,  n  =  2).  A  mixture  of  22  g  of  6-hydroxy-8,9-tetramethylenepurine 
and  300  ml  of  POCI3  was  refluxed  for  6  hr.  All  of  the  precipitate  had  dissolved  by  the  end  of  2  hr.  On  conclusion 
of  heating  the  mass  was  evaporated  in  vacuo  to  dryness,  and  to  the  residue  with  good  cooling  was  added  100  g  of 
cracked  ice  in  portions.  The  insoluble  material  was  filtered  to  give  18.6  g  (65. 68*7®)  of  the  hydrochloride  of  6-* 
chloro-8,9-tetramethylenepurine,  m.p.  217-220*;  after  recrystallization  from  anhydrous  alcohol  (1  :  20),  m.p. 
219-221*. 

Found  *79:  N  22.56;  Cl  28.36;  Cl'  14.71.  C9H9N4CI  •  HCl.  Calculated  *79:  N  22.85;  Cl  28.98;  Cl"  14.50. 

*  Dried  at  100*  (10  mm). 
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Neutralization  of  a  water  solution  of  this  hydrochloride  with  saturated  sodium  carbonate  solution  led  to  the 
precipitation  of  the  free  base,  6-chloro-8,9-tetramethylenepurine,  m.p.  205-207".  With  cooling,  the  mother  liquor 
from  the  separation  of  the  18.6  g  of  6-chloro-8,9-tetramethylenepuiine  hydrochloride  was  neutralized  with  saturated 
sodium  carbonate  solution  to  pH  8  and  then  it  was  extracted  with  chloroform;  the  chloroform  extract  was  dried  over 

sodium  sulfate,  and  after  distilling  off  the  solvent  we  obtained  an  additional 
7  g  (29f7«)  of  6-chloro-8,9-tetramethylenepurine,  m.p.  205-207". 


Ultraviolet  spectra  of  hypKJxanthine 
and  8,9-polymethylene -6 -hydroxy - 
purines  in  0.1  N  HCl  (pH  1).  1) 

Hypoxanthine ;  2)  8, 9 -trimethylene - 
6-hydroxypurine;  3)  8,9-tetra- 
methylene-6-hydroxypurine;  4) 
8,9-pentamethylene  -6  -hydroxy - 
purine. 


6-Chloro-8,9-tetramethylenepurine  is  difficultly  soluble  in  ether, 
water,  and  in  dilute  alkalies;  it  is  readily  soluble  in  most  organic  solvents 
and  in  dilute  acids;  it  can  be  recrystallized  from  alcohol  (1  : 10). 

Found  "Vo;  N  26.61;  Cl  17.16.  GjHjN^l.  Calculated  *70;  N  26.85; 

Cl  17.02. 

6-Mercapto-8.9-trimefiiylenepurine  (VII,  n  =  1).  A  solution  of  4.1  g 
of  6-chloro-8,9-trimethylenepurine  and  1.6  g  of  thiourea  in  80  ml  of  an¬ 
hydrous  alcohol  was  refluxed  for  1  hr;  a  copious  precipitate  of  pale  yellow 
crystals  deposited  within  5  min.  On  conclusion  of  heating  the  reaction  mass 
was  cooled  and  the  precipitate  was  filtered,  washed  with  alcohol,  and  dried 
to  give  4  g  i'^lOO^o)  of  6-mercapto-8,9-trimethylenepurine,  m.p.  ~310" 
(decompn.). 

The  compound  is  difficultly  soluble  in  most  organic  solvents,  and  is 
readily  soluble  in  both  dilute  acids  and  alkalies;  it  displaces  CO^  from 
sodium  carbonate  solution.  For  analysis  the  compound  was  recrystalUzed 
from  water  (1  :  275),  where  it  was  obtained  as  fine  needles,  m.p.  312-315" 
(decompn.). 

Found®/®:  N  28.58;  S  17.09.  C8H8N4S.  Calculated  <70:  N  29.16; 

S  16.67. 


6-Mercapto-8,9-tetramethylenepurine  (Vn,  n  =  2)  was  synthesized  in  a  similar  manner  from  6-chlOT0-8,9- 
tetramethylenepurine;  yield  96.31*^®,  m.p.  328-331"  (decompn.). 

Found  *V®:  N  27.19;  S  15.39.  C9H10N4S.  Calculated  <70:  N  27.18;  S  15.53. 


6-Benzylmercapto-8,9-trimethylenepurine  (VIII,  n  =  1).  To  a  solution  of  0.75  g  of  6-mercapto-8,9-trimelhylene- 
purine  in  6  ml  of  1  N  NaOH  was  added  5  ml  of  water,  followed  by  the  dropwise  addition  of  0.75  g  of  benzyl  chloride 
in  1  hour  at  ~20",  The  reaction  mixture  was  then  allowed  to  stand  for  about  12  hr,  after  which  it  was  extracted 
witli  chloroform,  the  extract  dried  over  sodium  sulfate,  the  solvent  distilled  off,  the  residue  triturated  with  ether, 
and  the  obtained  precipitate  was  filtered  to  give  0.9  g  (8.18^®)  of  substance  with  m.p.  103-105". 

The  compound  is  readily  soluble  in  most  organic  solvents  and  in  acids;  it  is  difficultly  soluble  in  water  and  in 
dilute  alkalies;  when  recrystallized  from  ether  (1  :  150)  it  is  obtained  as  prisms  with  m.p.  104-105.5". 

Found  %  N  20.12;  S  11.45.  CigH^N^S.  Calculated  <7®:  N  19.85;  S  11.22. 

6-Benzylmercapto-8,9-tetramethylenepurine  (VllI,  n  =  2)  was  obtained  in  a  similar  manner  from  6-mercapto- 

8,9-tetramethylenepurine;  yield  90.37®,  m.p.  98-100". 

Found 7«:  N  18.83;  S  10.73.  CjcHisN^.  Calculated®/®:  N  18.92;  S  10.81. 

8.9- Trimethylenepurlne  (IX,  n  =  1).  A  mixture  of  2  g  of  6-mcrcapto-8,9-trimediylenepurine,  6  g  of  moist 
Raney  nickel  and  250  ml  of  water  was  refluxed  for  4  hr;  the  hot  suspension  was  filtered  and  the  mother  liquor  was 
vacuum -distilled.  The  residue  was  dissolved  in  chl(»oform,  the  solution  was  dried  over  sodium  sulfate,  and  after 
distilling  off  the  chloroform  we  obtained  1.3  g  (78.3®/®)  of  8,9-trimethylenepurine,  m.p.  124-126";  after  si±)limation 
(~140*,  10  mm),  m.p.  126-128",  The  compound  is  readily  soluble  in  water  and  in  most  organic  solvents. 

Found  %:  N  34.52.  C8H,N4.  Calculated  %:  N  35.00. 

8.9- Tetramefiiylenepurine  (IX,  n  =  2)  was  obtained  in  a  similar  manner  from  6-mercapto-8,9-tetramethylene- 
purine;  yield  61.8l7»,  m.p.  150-152.5";  after  sublimation  (165-170",  15  mm),  m.p.  151.5-153.5". 
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Found  <7<»:  C  62.41;  H  5.84;  N  32.31.  G,HioN4.  Calculated  °h:  C  62.07;  H  5.75;  N  32.18. 

6-Benzylamino-8,9-trinietfiylenepurine  (Xc,  n  =  1).  A  solution  of  1  g  of  6-chloro-8,9-trlmethylenepurlnc  in 
10  ml  of  ethyl  cellosolve  and  4  ml  of  benzylamine  was  refluxed  for  2  hr.  On  conclusion  of  heating  the  reaction 
mass  was  evaporated  in  vacuo,  while  the  residue  was  treated  with  ether  and  after  cooling  in  ice  the  obtained  precipi¬ 
tate  was  filtered,  triturated  with  5  ml  of  saturated  sodium  carbonate  solution,  and  refiltered  to  give  0.95  g  (69.9^) 
of  6-benzylamino-8,9-trimethylenepurine,  m.p.  139-142“;  after  recrystallization  from  aqueous  mcdianol,  m.p. 
142-144“.  The  compound  is  difficultly  soluble  in  water  and  in  dilute  alkalies,  and  is  readily  soluble  in  most  (Xganic 
solvents  and  in  acids. 

Found N  26.40.  C15HJ5N5.  Calculated N  26.41. 

Hydrochloride  of  6-benzylamino-8,9-tetramethylenepurine  (Xc,  n  =  2).  A  mixture  of  1  g  01  6-chloco-8,9- 
tetramethylenepurine,  4  ml  of  benzylamine  and  10  ml  of  ethyl  cellosolve  was  refluxed  for  2  hr.  Then  the  solvent 
was  removed  by  vacuum -distillation,  and  the  residue  was  treated  first  with  5  ml  of  water,  and  then  with  coned, 
hydrochloric  acid  to  pH  3-3.5.  The  obtained  solution  was  extracted  with  chloroform,  the  extract  dried  over  sodium 
sulfate,  and  after  distilling  off  the  chloroform  we  obtained  1.25  g  (82. 8^0)  of  6-benzylamino-8,9-tetramethylene- 
purine  hydrochloride,  which  after  recrystallization  from  alcohol  (1  :  25)  was  obtained  as  prisms  with  m.p.  232-234*. 

Found  ’lo:  N  22.37;  Cl  11.42.  CigH^Ng  •  HCl.  Calculated  N  22.18;  Cl  11.25. 

6-Dimethylamino-8,9-trimethylenepurine  (Xb,  n  =  1).  A  mixture  of  1  g  of  6 -chloro-8, 9-trimethylene- 
purine  and  25  ml  of  18^o  dimethylamine  solution  in  anhydrous  alcohol  was  heated  in  a  100  ml  autoclave  at  110- 
120“  (in  the  bath)  for  1  hr;  after  cooling,  the  reaction  mass  was  vacuum -distilled,  while  the  residue  was  dissolved 
in  10  ml  of  water,  followed  by  the  addition  of  saturated  sodium  carbonate  solution  to  pH  8  and  extraction  with 
chloroform;  the  chloroform  extract  was  dried  over  sodium  sulfate,  and  after  distilling  off  the  chloroform  we  obtained 
0.95  g  (91.3^0)  of  6-dimethylamino-8,9-trimethylenepurine,  m.p.  133-136“;  after  two  recrystallizations  from  ether 
(1  :  60)  the  compound  was  obtained  as  prisms  with  m.p.  140-142“.  The  compound  is  readily  soluble  in  most  or¬ 
ganic  solvents  and  in  water. 

Found  ‘7o;  C  59.38;  H  6.54;  N  33.87.  CioHjjNs.  Calculated  ‘7o:  C  59.11;  H  6.40;  N  34.48. 

6-Dimethylamino-8,9-tetrametliylenepurine  was  obtained  in  a  similar  manner  from  6-chloro-8,9-tetra- 
methylenepurine;  yield  91,3f7e,  m.p.  129-131.5“. 

Found  ‘7o:  C  60.89;  H  6.91;  N  32.49.  CuHigNj.  Calculated :  C  60.83;  H  6.91;  N  32.22. 

6 -Amino-8, 9-trimethylenepurine  (Xa,  n=  1).  A  mixture  of  2.5  g  of  6 -chloro-8, 9-trimethylenepurine  and 
40  ml  of  18^0  ammonia  solution  in  anhydrous  alcohol  was  heated  in  a  100  ml  autoclave  at  165-170“  (in  the  bath)  for 
6  hr.  The  reaction  mass  after  cooling  deposited  1.8  g  of  6 -amino-8, 9-trimethylenepurine,  m.p.  258-260“;  after 
distilling  the  mother  liquor  we  obtained  an  additional  0.4  g  of  substance  with  m.p.  258-260“.  Total  yield  2.2  g 
(97.8*/o).  6-Amino-8, 9-trimethylenepurine  is  difficultly  soluble  in  cold  water  and  in  most  organic  solvents,  and  is 
readily  soluble  in  dilute  acids  and  in  methanol;  fex  analysis  it  was  recrystallized  from  alcohol,  where  it  was  ob¬ 
tained  as  needles  with  m.p.  260-262“. 

Found  *70;  C  54.83;  H  5.31;  N  40.60.  CgHgNs.  Calculated  <70;  C  54.85;  H  5.14;  N  40.00. 

6 -Amino-8, 9-tetramethylenepurine  (Xa,  n  =  2)  was  synthesized  in  a  similar  manner  from  6 -chloro-8, 9- 
tetramethylenepurine;  yield  88.2^70,  m.p.  274-276“. 

Found  '7o:  C  57.37;  H  5.98;  N  36.96.  CgH^Ns.  Calculated  C  57.14;  H  5.82;  N  37.03. 

SUMMARY 

1.  The  condensation  of  the  O-methylbutyro-  and  O-methylvalerolactims  with  a-amino-a-cyanoacetamide 
gives  the  amides  of  the  1,2 -tri-  and  l,2-tetramethylene-5-aminoimidazole-4-carboxylic  acids  in  good  yields. 

This  reaction  bears  a  general  character  for  cyclic  imino  esters  and  requires  catalytic  amounts  of  a  proton  donor  to 
make  it  go. 

2.  The  previously  established  ability  of  the  amide  of  l,2-pentamethylene-5-aminoimidazole-4-carboxylic 
acid  to  form  the  8,9-pentamethylenehypoxanthine  when  reacted  with  orthoformic  ester  can  be  fully  extended  to  the 
amides  of  the  1,2 -tri-  and  l,2-tetramethylene-5-aminoimidazole-4-carboxylic  acids,  which  under  similar  con¬ 
ditions  are  respectively  converted  to  the  8,9-tri-  and  8,9-tetramethylenehypoxanthines. 
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3.  The  found  methods  for  die  ^nthesis  of  new  polymethylene  derivatives  of  imidazole  and  3  -purine  open  up 
broad  vistas  for  obtaining  new  compounds  that  possess  biological  interest. 
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1-CHLORO-  AND  1  -  M  ET  H  OX  Y  -  2 -N  I  T  RON  A  PH  T  H  A  Lt  N  E 
4-SULFONIC  ACIDS 

S.  V.  Bogdanov  and  N.  I.  Tabachnikova 

K.  E,  Voroshilov  Scientific -Research  Institute  of  Organic  Intermediates  and  Dyes 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1912-1916,  June,  1961 

Original  article  submitted  July  2,  1960 

As  had  been  reported  earlier  [1],  die  main  product  of  the  transformation  of  the  bisulfite  compound  of  1,2- 
naphthofuroxan  in  Vio  sodium  carbonate  solution  is  l-amino-2-nitronaphthalene-4-sulfonic  acid.  This  amino  com¬ 
pound  by  diazotization  and  reaction  of  the  diazo  compound  with  cuprous  chloride  is  converted  to  l-chloro-2-nitro- 
naphthalene-4-sulfonic  acid  (1),  which  when  reacted  with  either  chlorosulfonic  acid  or  phosphcwus  pentachloride  is 
converted  to  the  sulfonyl  chloride,  and  the  latter  by  subsequent  reaction  with  either  ammonia  or  diethylamine  is 
converted  to  the  corresponding  amides. 

The  reaction  of  compound  (1)  with  methyl  alcohol  in  the  presence  of  alkali  leads  to  the  formation  of  1- 
methoxy-2-nitronaphthalene-4-sulfonlc  acid  (11).  Treatment  of  this  sulfonic  acid  with  phosphorus  pentachloride 
yields  the  sulfonyl  chloride,  which  when  reacted  with  either  ammonia  or  diethylamine  is  converted  to  the  corre¬ 
sponding  amide.  l-Methoxy-2-nitronaphthalene-4-diethylsulfonamide  was  also  obtained  by  reacting  methyl  al¬ 
cohol  and  caustic  with  l-chloro-2-nitronaphthalene-4-diethylsulfonamide. 
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We  also  synthesized  1-methoxy -2 -naphthylamine -4 -sulfonic  acid,  both  the  sulfonamide  and  diethylsulfon- 
amide  of  which  are  easily  diazotized;  the  diazo  compounds  react  normally  with  the  common  azo -components, 
while  when  treated  with  alkaline  agents  they  are  converted  to  the  corresponding  4-substituted  2-diazo-l-naphthol 
derivatives,  which  couple  easily  only  with  active  azo-components. 

EXPERIMENTAL 

l-Chloro-2-nitronaphthalene-4-sulfonic  acid  (I).  A  solution  of  25.15  g  of  92.2^o  sodium  salt  of  1 -amino-2 - 
nitronaphthalene -4 -sulfonic  acid  and  6.16  g  of  sodium  nitrite  in  470  ml  of  water  was  added  at  5’  in  1.5  hr  to  303  g 
of  6.2^0  hydrochloric  acid  solution.  After  stirring  for  1  hr,  the  diazo  compound  was  filtered  and  washed  with  dilute 
hydrochloric  acid.  The  precipitate  was  suspended  in  200  ml  of  water  and  the  suspension  of  the  diazo  compound  was 
added  in  0.75  hr  to  a  solution  of  4  g  of  cuprous  chloride  and  40  ml  of  35.4*70  hydrochloric  acid  in  200  ml  of  water, 
heated  to  80°.  After  stirring  for  15  min  at  80°  the  solution  was  filtered  and  the  filtrate  was  treated  with  sodium 
chloride  (2(y7o  of  the  volume).  The  sodium  salt  of  (1)  was  filtered  and  washed  first  with  water  and  then  with  al¬ 
cohol;  yield  21.5-22.6  g. 

The  sodium  salt  was  obtained  as  light -yellow  tetragonal  and  hexagonal  plates  (from  water),  readily  soluble  in 
water  and  in  methyl  alcohol,  and  more  difficultly  soluble  in  ethyl  alcohol. 

Found  ^0:  Na  6.81,  7.11;  Cl  11.32,  11.30;  H2O  5.60  (dried  at  110°).  CioHsOgNSClNa  •  H2O.  Calculated 
H2O  5.50;  Na  7.02.  CioHsOgNSClNa.  Calculated  "/o :  Cl  11.47. 
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The  potassium  salt  was  obtained  in  the  same  manner  as  the  sodium  salt  by  replacing  the  sodium  chlcwide  by 
potassium  chloride.  The  conpound  was  obtained  as  long  yellow  plates  (from  water),  readily  soluble  in  water  and 
diffrcultly  soluble  in  the  methyl  and  ethyl  alcohols;  it  does  not  contain  water  of  crystallization. 

Foundry®:  Cl  10.85,  10.79.  CjoHsOiNSClK.  Calculated Cl  10.88. 

Sulfonyl  chloride,  a)  After  drying  at  120®,  37.2  g  of  the  sodium  salt  of  (1)  was  added  at  20-22°  in  0.5  hr  to 
140  g  of  chlorosulfonic  acid;  the  mixture  was  kept  at  20-22°  frx  20  hr,  after  which  it  was  poured  over  1  kg  of  ice. 

The  sulfonyl  chloride  was  filtered,  washed  with  water,  and  dried  at  room  temperature;  yield  35.4  g,  m.p.  149.5- 
161°. 

b)  After  drying  at  120°,  3.28  g  of  the  sodium  salt  of  (1)  was  added  at  20°  to  a  solution  of  4  g  of  phosphorus 
pentachloride  in  8  ml  of  phosphorus  oxychltwide  and  the  mixture  was  heated  at  70°  for  5  hr;  the  product  was  worked 
up  in  the  same  manner  as  above;  yield  3.16  g;  m.p.  149.5-150°,  Colorless  prisms  (from  acetic  acid),  soluble  in 
chlorobenzene  and  in  carbon  tetrachloride;  m.p.  155.4-156.2°. 

Found  '7o:  C  39.34,  39.59;  H  1.76,  1.52;  N  4.69,  4.55;  Cl  22.01,  21.98.  CioH504NSC]2.  Calculated ‘T'o; 

C  39.23;  H  1.65;  N  4.57;  Cl  23.16. 

The  sulfonamide  was  obtained  by  adding  3.06  g  of  the  sulfonyl  chloride  to  2.4  ml  of  2Q^o  aqueous  ammonia 
at  20°  and  keeping  the  mixture  at  50°  for  20  hr;  yield  2.6  g;  m.p.  211.6-213°.  The  same  compound  was  also  ob¬ 
tained  by  passing  ammonia  gas  into  a  chlorobenzene  solution  of  the  sulfonyl  diloride  at  60°.  Yellow  plates  (from 
acetic  acid),  m.p.  223.5°. 

Found  *70:  C  41.68,  41.54;  H  2.85,  2.63;  N  9.60,  9.61;  S  11.13,  10.90;  Cl  11.90,  11.65.  C10H7O4N2SCI.  Cal¬ 
culated  *70;  C  41.88;  H  2.44;  N  9.79;  S  11.16;  Cl  12.39. 

The  diethylsulfonamide  was  obtained  in  the  same  manner  as  the  sulfonamide  by  treating  the  sulfonyl  chloride 
with  1^0  aqueous  dicthylamine  solution  at  35°.  Colorless  plates  (from  acetic  acid),  soluble  in  alcohol,  chloro¬ 
benzene  and  carbon  tetrachloride,  m.p.  108.8-109.4°. 

Found  I0.  c  48.58,  48.53;  H  4.64,  4.47;  N  7.99,  8.01;  Cl  9.87,  9.83.  Ci4Hb04N2SC1.  Calculated  °loi  C  49.04; 
H  4.41;  N  8.17;  Cl  10.34. 

l-Chloro-2-naphthylamine -4 -sulfonic  acid.  The  sodium  salt  (10,5  g;  88.070  pure)  of  (I)  was  added  in  1  hr 
to  a  refluxing  mixture  of  150  ml  of  water,  1.6  g  of  ammonium  chloride  and  9  g  of  iron  shavings,  after  which  the 
mixture  was  refluxed  for  1  hr.  The  iron  was  precipitated  by  the  addition  of  sodium  carbonate  solution,  the  sludge 
was  filtered,  and  the  amino  compound  was  isolated  by  the  addition  of  hydrochlcxic  acid;  yield  7.4  g.  The  compound 
was  reprecipitated  from  sodium  carbonate  solution.  Colorless  needles,  free  of  water  of  crystallization. 

Found  C  46.99,  45.94;  H  2.94,  3.08;  N  5.65,  5.43;  S  12.56,  12.37;  Cl  13.25,  13.31,  CioHgO^NSCl.  Cal¬ 
culated  1*:  C  46.60;  H  3.10;  N  5.46;  S  12.47;  Cl  13.84. 

With  2-naphthol-3,6-disulfonic  acid  the  diazo  compound  gives  a  red  dye,  and  with  resorcinol  it  gives  a 
yellow-brown  dye,  while  after  treatment  with  sodium  carbonate  it  couples  only  with  resorcinol  to  give  a  violet  dye. 

The  sulfonamide  was  obtained  by  tiie  reduction  of  1 -chloio -2 -nitronaphthalene -4 -sulfonamide  with  iron 
turnings  in  alcohol  in  the  presence  of  acetic  acid.  After  fi  tering  the  sludge,  the  product  was  isolated  from  the 
filtrate  by  distilling  off  the  alcohol.  The  compound  was  obtain*  d  as  long,  broad,  colorless  needles  (from  aqueous 
alcohol),  m.p.  223-223.5°. 

Found‘d:  C  47.34,  47.06;  H  4.67,  4.72;  N  10.66,  10.52;  Cl  13.85,  13.60.  CioHjO^NzSCl.  Calculated ‘7®: 

C  46.78;  H  3.50;  N  10.91;  Cl  13.84. 

In  its  properties  tiie  diazo  compound  resembles  l-chloro-2 -diazonaphthalene -4-sulfonic  acid. 

1-Methoxy -2 -nitronaphthalene -4 -sulfonic  acid  (11),  The  sodium  salt  (16.4  g)  of  (I)  was  added  to  a  solution 
of  2.7  g  of  907»  NaOH  in  265  ml  of  methyl  alcohol  and  the  mixture  was  refluxed  for  2  hr.  The  solution  was  then 
acidified  wifti  5  ml  of  36.07®  hydrochlor  c  acid  solution  and  the  methyl  alcohol  was  removed  by  distillation.  The 
yellow  crystalline  residue  was  recrystallized  from  110  ml  of  water,  and  was  washed  first  with  water  and  then  with 
alcohol;  yield  14.5  g. 


1790 


The  sodium  salt  was  obtained  as  long  light -yellow  plates  (from  water),  which  are  readily  soluble  in  water, 
and  difficultly  soluble  in  alcohol. 

Found  Na  7.06,  7.08;  OCH3  10.20,  10.16;  H2O  6.88,  6.71  (dried  at  120“).  CuHgOfeNSNa  •  1.25  HjO.  Cal¬ 
culated H2O  6.87;  Na  7.02.  CiiHgOgNSNa.  Calculated  *70:  OCH3  10.16. 

Sulfonyl  chloride.  After  drying  at  120“,  27.9  g  of  the  sodium  salt  of  (II)  was  added  in  15  min  to  a  mixture  of 
27.4  g  of  phosphorus  pentachloride  and  68.6  ml  of  phosphorus  oxychloride,  cooled  to  10“,  and  after  stirring  for  2  hr 
the  mixture  was  allowed  to  stand  at  20-22“  for  20  hr.  The  sulfonyl  chloride  was  precipitated  by  diluting  the  mix¬ 
ture  with  700  g  of  ice,  ftltered,  washed  with  water,  and  dried  at  room  temperature;  yield  26.2  g,  m.p.  108-108,5“. 
Colorless  tetragonal  plates  (from  acetic  acid),  readily  soluble  in  benzene,  m.p.  108.8-109.2“. 

Found  *70:  N  4.72,  4.81;  Q  11.80,  12.03;  OCH3  10.25,  10.13.  CiiHgOgNSCl.  Calculated ‘7* :  N  4.64;  Cl  11.77; 
OCH3  10.28. 

Sulfonamide.  A  mixture  of  4.5  g  of  the  sulfonyl  chloride  and  7  g  of  ammonium  carbonate  was  moistened 
with  water  and  allowed  to  stand  at  20“  for  24  hr.  Then  the  mixture  was  diluted  with  50  ml  of  water  and  heated  to 
55“,  after  which  the  sulfonamide  was  filtered  and  washed  with  water;  yield  3.75  g.  Long  pale  yellow  plates  (from 
acetic  acid),  soluble  in  alcohol,  m.p.  204.5-205“. 

Found  I0:  C  46.46  ,  46.50;  H  3.72,  3.69;  N  10.03,  10.04;  S  11.38,  11.13.  C11H10O5N2S.  Calculated  *70 :  C  46.80; 
H  3.54;  N  10.00;  S  11.34. 

Diethylsulfonamide.  a)  The  sulfonyl  chloride  (6.1  g)  was  added  at  20“  to  25  g  of  15.4*70  aqueous  diethyl- 
amine  solution,  after  which  the  mixture  was  heated  at  35“  for  5.5  hr.  After  the  addition  of  water,  the  diethylsulfon¬ 
amide  was  filtered  and  washed  with  water;  yield  5.2  g,  m.p.  85-87.5*. 

b)  To  a  suspension  of  8.5  g  of  l-chloro-2-nitronaphthalene-4 -diethylsulfonamide  in  90  ml  of  methyl  alcohol, 
heated  to  55“,  was  added  in  1  hr  a  solution  of  1.75  g  of  96*70  NaOH  in  15  ml  of  methyl  alcohol  and  the  mixture  was 
kept  at  55-57“  for  another  45  min.  After  diluting  the  mixture  with  water  and  neutralization  with  hydrochloric  acid 
the  1-methoxy -2 -nitronaphthalene -4 -diethylsulfonamide  was  filtered  and  washed  with  water;  yield  7.75  g,  m.p. 
85.1-86.5“. 

Colorless  tetragonal  plates  (from  acetic  acid),  m.p.  90-90.6“. 

Found  *7o:  C  53.91,  53.77;  H  5.30,  5.22;  N  8.24,  8.22;  S  8.92  ,  8.59.  CigHigOsNzS.  Calculated  *70;  C  53.25; 

H  5.32;  N  8.28;  S  9.46. 

l-Methoxy-2-naphthylamine-4-sulfonic  acid.  The  sodium  salt  (9.83  g)  of  (II)  was  added  in  1  hr  to  a  suspen¬ 
sion  of  15.6  g  of  iron  turnings  in  150  ml  of  water,  acidified  with  0.6  g  of  acetic  acid  and  heated  to  75-80“,  and 
then  the  mixture  was  kept  at  75-80“  for  1  hr.  The  iron  was  precipitated  by  the  addition  of  sodium  carbonate  so¬ 
lution,  the  sludge  was  filtered,  and  the  amino  compound  was  isolated  by  acidifying  the  filtrate  with  hydrochloric 
acid;  yield  6  g.  Colorless  prisms,  difficultly  soluble  in  water,  and  not  containing  water  of  crystallization. 

Found  *7o:  C  51.78,  51.75;  H  4.48  ,  4.70;  N  5.78,  5.68;  S  12.31,  12.36.  C11H11O4NS.  Calculated  *7o:  C  52.17; 

H  4.34;  N  5.35;  S  12.60. 

The  diazo  compound,  obtained  as  yellow  prisms,  gives  a  red  solution  with  2-naphthol-3,6-disulfonic  acid, 
and  a  yellow-brown  solution  with  resorcinol;  after  treatment  with  sodium  carbonate  it  couples  only  with  resorcinol 
to  give  a  violet  dye. 

Sulfonamide.  1-Methoxy -2 -nitronaphthalene -4-sulfonamide  (1.45  g)  was  added  gradually  to  a  mixture  of 
90  ml  of  8(y7o  alcohol,  0.3  g  of  ammonium  chloride  and  1.6  g  of  iron  turnings,  heated  to  78-82“,  after  which  the 
mixture  was  stirred  at  78-82“  for  another  2  hr.  The  iron  was  precipitated  by  the  addition  of  sodium  carbonate,  the 
sludge  was  filtered,  and  the  solution  was  cooled.  The  obtained  precipitate  of  the  amino  compound  was  filtered 
and  washed  with  aqueous  alcohol;  yield  1.3  g.  Colorless  rhombic  plates  (from  aqueous  alcohol),  m.p.  234.5-235“, 

Found  *7o:  C  52.33,  52.25;  H  4.67,  4.56;  N  11.18,  11.27.  CuHoOjNaS.  Calculated ‘7<»:  C  52.40;  H  4.76; 

N  11.10. 

Diethylsulfonamide.  1-Methoxy -2 -nitronaphthalene -4 -diethylsulfonamide  (10.97  g)  was  reduced  in  a  mix¬ 
ture  of  iron  turnings,  ammonium  chloride  and  alcohol;  the  reaction  and  the  isolation  of  the  amino  compound 
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were  effected  In  the  tame  manner  at  above;  yield  7.22  g.  Pale  pink  tetragonal  and  hexagonal  plates  (from  alcohol), 
m.p.  126.8-127,4\ 

Found  C  58.40,  68.59;  H  6.15,  6.50;  N  9.22,  9.09;  S  9.77,  9.71.  C^H^pOjNjS.  Calculated  C  58.44; 

H  6.49;  N  9.09;  S  10.39. 

In  diefr  properties  die  diazo  compounds  from  the  amides  resemble  1-methoxy -2 -diazonaphthalene -4-sulfonic 

add. 

SUMMARY 

1.  From  l-amlno-2-nitronaphthalene-4-sulfonic  acid  via  the  diazo  compound  we  obtained  l-chloro-2- 
natronaphthalene -4 -sulfonic  acid,  which  by  treatment  with  methyl  alcohol  and  sodium  hydroxide  was  converted  to 
1  -methoxy  -2  -  nitronaphtha  lene  -4  -sulfonic  acid . 

2.  The  l-chloro-  and  1-methoxy -2 -nitronaphthalene -4 -sulfonic  acids  were  converted  to  the  sulfcMiyl  chlorides 
and  the  sulfonamides  (and  in  part  to  die  diethylsulfcmamides). 

3.  l-Chloro-2-nitronaphdialene-4-diethylsulfonamide  was  converted  to  1 -methoxy -2 -nitronaphthalene -4- 
diethylsulfonamide  by  treatment  with  methyl  alcohol  and  sodium  hydroxide. 

4.  From  the  l-chloro-  and  1-methoxy -2 -nitronaphthalene -4-sulfonic  acids  and  their  sulfonamides  we  ob¬ 
tained  die  corresptxiding  amino  compounds. 
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2-NITRONAPHTHALENE-l,4-DISULFONICAClD 
AND  2 -NITRONAPHTHALENE -4-SULFONIC  ACID 
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In  our  work  the  starting  compound  in  the  synthesis  of  2-nitronaphthalene-l,4-disulfonic  acid  (I)  and  2-nitro- 
naphthalene -4 -sulfonic  acid  (II)  was  l-amino-2-nitronaphthalene-4-sulfonic  acid,  which  in  both  cases  was  first 
converted  to  the  diazo  compound.  In  the  synthesis  of  compound  (I)  the  diazo  compound  was  converted  by  the  pre¬ 
viously  described  method  [1]  to  l-chloro-2-nitronaphthalene -4 -sulfonic  acid,  and  then  the  chlorine  atom  in  the 
latter  was  replaced  by  the  sulfonic  group.  For  this  the  chloro  derivative  was  refluxed  with  aqueous  sodium  sulfite  so¬ 
lution;  the  yield  of  the  isolated  disulfonic  acid  (I)  was  7(J7o,  Here  1 -hydroxy -2 -nitronaphtfialene-4-sulfonlc  acid  was 
obtained  as  a  by-product.  In  obtaining  compound  (II)  the  diazo  group  was  replaced  by  hydrogen.  This  process  was 
run  at  room  temperature,  and  here  the  diazo  compound  was  treated  with  ethyl  alcohol  in  the  presence  of  eidier  cup¬ 
rous  oxide  or  ferrous  sulfate  heptahydrate.  The  latter  procedure  was  described  by  Fokin  [2]  for  diazo  compounds  of 
the  benzene  series.  The  yield  of  product  (II)  by  both  variations  exceeded  SO^o. 

Reduction  of  the  nitrosulfonic  acids  (I)  and  (II)  with  iron  turnings  gave  respectively  2-naphthylamine-l,4- 
disulfonic  acid  (III)  and  2 -naphthylamine -4 -sulfonic  acid  (IV).  The  disulfonic  acid  (III)  when  refluxed  with  5^«  sul¬ 
furic  acid  loses  one  sulfonic  group  and  is  converted  to  the  monosulfonic  acid  (IV). 
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To  ascertain  the  structure  of  the  sulfonic  acid  (IV)  obtained  by  the  hydrolysis  of  the  disulfonic  acid  (UI),  the 
monosulfonic  acid  was  converted  via  the  diazo  compound  to  the  sulfonaphthalene-sulfinic  acid,  which  was  oxidized 
with  hydrogen  peroxide  to  the  napthalenedisulfonic  acid,  and  this  compound  when  treated  with  phosphorus  penta- 
chloride  gave  naphthalene -1,3 -disulfonyl  chloride.  Compound  (IV)  was  obtained  earlier  [3]  by  the  ammonolysis  of 
2-naphthol-4-sulfonic  acid  under  drastic  conditions,  by  the  treatment  of  2 -naphthylamine -4,8 -disulfonic  acid  with 
zinc  in  alkaline  medium,  and  by  file  sulfonation  of  2 -naphthylamine  in  the  presence  of  boron  trifluoride;  a  mix¬ 
ture  of  isomers  is  formed  in  the  last  two  cases. 

The  diazo  compound  obtained  from  aminosulfonic  acid  (III)  couples  ncxmally  with  the  common  azo-com¬ 
ponents,  but  after  treatment  with  sodium  carbonate  it  is  converted  to  2 -diazo -1-naphthol -4 -sulfonic  acid,  which 
couples  easily  only  with  active  azo-components. 

EXPERIMENTAL 

2-Nitronaphthalene-l,4-disulfonic  acid  (1).  Sodium  sulfite  solution,  prepared  from  40.5  g  of  38.5^o  sodium 
bisulfite,  17,2  g  of  34.8^"  NaOH  solution  and  50  ml  of  water,  was  added  in  1  hr  to  a  refluxing  solution  of  34.93  g 
of  88,6%  sodium  l-chloro-2-nltronaphthalene-4-sulfonate  in  450  ml  of  water.  The  mixture  was  then  refluxed  for 
1  hr,  evaporated  to  a  volume  of  100-125  ml,  and  cooled.  The  precipitate  of  the  disodium  salt  of  (I)  was  filtered 
and  washed  first  with  water  and  then  with  alcohol.  The  yield  of  the  disodium  salt  was  33.7  g  (78.^o). 


The  dlsodium  salt  was  obtained  as  yellow  prisms  (from  water),  which  are  readily  soluble  in  water  and  difficultly 
soluble  in  alcohol;  the  substance  decolorizes  when  dried. 

Found  *70;  C  27.34,  27.48;  H  3.17,  3.38;  N  3.25,  3.52;  Na  10.50,  10.35;  HjO  13.96,  14.02  (dried  at  130°). 
C,^,0,NSiNai-3.5H20.  Calculated  *70 :  C  27.20;  H  2.72;  N  3.18;  Na  10.45;  IljO  14.31. 

Acidification  of  the  filtrate  from  compound  (I)  with  hydrochloric  acid  gave  1.6  g  impure  1 -hydroxy -2 -nitro- 
naphthalene-4-sulfonic  acid. 

The  compound  was  obtained  as  yellow  plates,  quite  difficultly  soluble  in  cold  water.  When  heated  with  dilute 
nitric  acid  it  is  converted  to  2,4-dinitro-l-naphthol  with  m.p.  138*  (decompn.),  and  when  reduced  with  stannous 
chloride  it  is  converted  to  2 -amino-1 -naphthol -4 -sulfonic  acid,  characterized  as  2 -diazo-l-naphthol -4 -sulfonic 
acid  and  as  1,2 -naphthoquinone -4 -sulfonic  acid. 

2-Nitronaphthalene-4-sulfonic  acid  (II).  a)  The  diazo  compound,  obtained,  as  described  previously  [1], 
from  5.8  g  of  84.56^0  sodium  1 -amino-2 -nitronaphthalene -4 -sulfonate,  was  added  at  20°  to  a  suspension  of  0.2  g 
of  a  freshly  prepared  paste  of  cuprous  oxide  in  67  ml  of  alcohol  and  the  mixture  was  allowed  to  stand  for  1.5  hr.  The 
alcohol  was  distilled  off,  the  residue  was  dissolved  in  110  ml  of  water,  the  solution  was  made  alkaline  with  NaOH, 
the  sludge  was  filtered,  and  the  sodium  salt  of  (II)  was  salted  out  by  the  addition  of  sodium  chloride,  filtered,  and 
washed  first  with  salt  solution  and  then  with  alcohol.  The  yield  of  the  sodium  salt  was  4.65  g  (87.74*7o). 

b)  To  a  suspension  of  the  diazo  compound, obatined  from  5.8  g  of  84.56%  sodium  aminonitronaphthalene- 
sulfonate,  in  40  ml  of  water  and  4.6  ml  of  alcohol  was  added  in  1.5  hr,  at  20°,  a  solution  of  2.7  g  of  ferrous  sulfate 
heptahydrate  in  6.7  ml  of  water  and  the  mixture  was  allowed  to  stand  for  4  hr.  The  remainder  of  the  procedure 
was  the  same  as  above  (the  alcohol  was  not  distilled  off).  The  yield  of  the  sodium  salt  was  5.7  g  (68.6^o).  The 
sodium  salt  was  obtained  as  curved  yellow  needles  (from  alcohol),  readily  soluble  in  water  and  difficultly  soluble 
in  alcohol. 

Found  %:  C  43.93  ,  44.05;  H  2.61,  2.37;  N  5.23,  5.09;  S  11.72,  11.56;  HjO  6.22  (dried  at  120°).  CioHeOgNSNa  • 
•  HjO.  Calculated  %:  HjO  6.14.  CjoHeOgNSNa.  Calculated  %;  C  43.63;  H  2.18;  N  5.09;  S  11.63. 

2-Naphthylamine-l,4-disulfonic  acid  (III).  The  disodium  salt  (14.4  g;  78.5%  pure)  of  (I)  was  added  in  15  min 
to  a  suspension  of  15.6  g  of  iron  turnings  in  40  ml  of  water  and  0.6  g  of  acetic  acid,  heated  to  85-90°,  and  then  the 
mixture  was  stirred  at  85-90°  for  1  hr.  The  iron  was  precipitated  by  the  addition  of  sodium  carbonate,  the  sludge 
was  filtered,  the  filtrate  was  evapcarated  to  a  volume  of  30  ml,  and  the  residue  was  acidified  with  hydrochloric  acid. 
The  monosodium  salt  of  (III)  was  filtered  and  washed  with  alcohol.  The  yield  of  the  compound  was  10.3  g  (91.1%). 
The  monosodium  salt  was  obtained  as  fine  colorless  needles  (from  aqueous  alcohol),  readily  soluble  in  water  and 
difficultly  soluble  in  alcohol. 

Found  %:  C  35.10,  35.13;  H  2.94,  2.99;  N  4.10,  3.91;  HjO  5.23  (dried  at  130°).  CioHsOgNSjNa  •  HjO.  Cal¬ 
culated  %:  C  35.00;  H  2.91;  N  4.08;  HjO  5.24. 

The  diazo  compound  gives  a  red  color  with  2-naphthol-3,6-disulfonic  acid,  and  a  yellow-brown  color  with 
resOTcinol;  after  treatment  with  sodium  carbonate  it  does  not  couple  with  2 -naphthol -3,6 -disulfonic  acid,  but  it  does 
give  a  purple  dye  with  resorcinol. 

2-Naphthylamine-4-sulfonic  acid  (IV).  a)  The  sodium  salt  (5.8  g;  87.7%  pure)  of  (II)  was  reduced,  as  de¬ 
scribed  above,  with  iron  turnings,  and  the  monosulfonic  acid  was  isolated  as  the  free  acid.  The  yield  of  the  acid  was 
3.7  g  (84.5%). 

b)  A  mixture  of  3.57  g  of  91.1%  monosodium  salt  of  (III)  and  30  ml  of  sulfuric  acid  was  refluxed  for  5  hr. 
After  cooling,  the  aminosulfonic  acid  was  filtered  and  washed  first  with  57o  sulfuric  acid  and  then  with  alcohol.  The 
yield  of  die  compound  was  2  g  (90%).  Long  colorless  plates,  difficultly  soluble  in  water  and  in  alcohol. 

The  diazo  compound  was  obtained  as  yellow  hexagonal  plates,  insoluble  in  water;  the  diazo  compound  gives  a 
red  dye  with  2 -naphthol -3,6 -disulfonic  acid,  and  a  yellow  dye  with  resorcinol. 

Naphthalene -1,3  -disulfonyl  chloride.  The  diazo  compound,  obtained  from  2.22  g  of  sulfonic  acid  (IV)  by 
method  "b,"  was  filtered  and  then  added  in  40  min  to  a  mixture  of  1.65  g  of  a  freshly  prepared  72. copper  paste, 
1.3  ml  of  95.5%  sulfuric  acid  and  15  ml  of  water,  previously  saturated  with  sulfur  dioxide  and  cooled  to  0°,  after 
which  the  mixture  was  stirred  at  —2-0*  fori  hr.  The  precipitate  was  filtered,  the  filtrate  was  neutralized  with  chalk. 
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die  calcium  sulfate  was  filtered,  and  the  calcium  salt  of  the  sulfosulfinic  acid  was  converted  to  the  sodium  salt  by 
treatment  with  sodium  carbonate.  The  filtrate  from  the  calcium  carbonate  was  treated  with  1  ml  of  hydrogen 
peroxide  and  the  mixture  was  allowed  to  stand  overnight.  The  solution  was  heated  with  0.5  g  of  manganese  dioxide 
to  die  boil,  filtered,  and  the  filtrate  was  acidified  with  hydrochloric  acid  and  then  evaporated  to  dryness.  The 
residue  was  mixed  widi  a  double  amount  of  phosphorus  pentachloride  and  dien  heated  at  100“  for  2  hr.  The  disul- 
fonyl  diloride  was  precipitated  by  pourii^  the  mixture  over  ice.  Yield  2  g,  m.p.  127-132*.  Colcxless  plates  (from 
benzene),  m.p.  137-138*.  According  to  the  literature  [4):  m.p.  338*. 

Found  1o:  C  36.84,  36.89;  H  1.94,  2.38;  Cl  21.14,  21.23.  C10H6O4S2CI8.  Calculated®^:  C  36.92;  H  1.85; 

Cl  21.80. 

The  authors  wish  to  thank  S.  V.  Bogdanov  for  his  counsel  in  carrying  out  the  present  work. 

SUMMARY 

1.  1-Chloro -2 -nitronaphthalene -4 -sulfonic  acid  is  converted  to  2-nitronaphthalene-l,4-dlsulfonic  acid  when 
treated  with  sodium  sulfite. 

2.  l-Diazo-2-nitronaphthalene-4-sulfonic  acid  is  converted  to  2 -nitronaj)hthalene -4 -sulfonic  acid  when  treated 
with  alcohol  and  either  cuprous  oxide  or  fenous  sulfate. 

3.  2-Naphthylamine-l,4-disulfonic  acid  is  converted  to  2 -naphthylamine -4 -sulfonic  acid  when  heated  with 
dilute  sulfuric  acid. 
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The  problem  of  the  action  of  mineral  acids  on  2,5-diphenyl-l,3,4-oxadizole  [1-3]  is  not  discussed  in  the  liter¬ 
ature. 

In  studying  the  reaction  of  nitric  acid  with  2,5-diphenyl-l,3,4-oxadiazole  under  various  conditions  we  found 
that  coned,  nitric  acid  readily  nitrates  2,5 -diphenyl -1,3,4 -oxadiazole  to  yield  three  isomeric  products. 
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Treatment  of  the  oxadiazole  with  sulfuric  acid  (d  1.84)  fails  to  cause  sulfdnation  even  at  100°  for  4  hr  and 
longer,  and  only  the  double  sulfate  of  the  compound  is  obtained  in  quantitative  yield,  which  in  dilute  aqueous  so¬ 
lution  is  readily  hydrolyzed  to  yield  the  starting  2,5-diphenyl-l,3,4 -oxadiazole.  Experiments  on  the  nitration  of 
die  oxadiazole  in  sulfuric  acid  revealed  that  in  this  case  only  the  2-phenyl-5-(m-nitrophenyl)-  and  2,5-di-(m- 
nltrophenyl)-l,3,4-oxadiazoles  are  obtained  in  a  yield  of  31  and  387°,  respectively;  we  were  unable  to  detect  any 
other  isomers. 

The  nitration  of  2,5 -diphenyl-1,3,4 -oxadiazole  with  nitric  acid  (d  1.51)  in  glacial  acetic  acid  medium  could 
not  be  made  to  go,  and  in  all  of  the  cases  we  recovered  the  unreacted  starting  product. 

EXPERIMENTAL 

Nitration  of  2,5-diphenyl-l,3,4-oxadiazole  with  nitric  acid  (d  1.51).  Five  grams  of  2.5 -diphenyl -1,3,4- 
oxadiazole  was  added  in  40  min  to  60  ml  of  coned,  nitric  acid  (d  1.51)  at  30°.  Then  the  reaction  mass  was  gradual¬ 
ly  heated  to  80°  and  kept  at  this  temperature  for  4  hr,  in  which  connection  the  color  of  the  solution  changed  from 
a  dark  to  a  light  yellow.  The  obtained  mass  was  poured  with  stining  into  800  ml  of  water  and  the  obtained  yellow 
crystalline  product  was  filtered,  washed  with  water  until  neutral,  and  dried.  An  insoluble  residue  remained  when  the 
obtained  product  was  boiled  with  50  ml  of  glacial  acetic  acid,  which  was  filtered  and  dried.  Yield  1.7  g  (277o), 
m.p.  293-2%*;  further  purification  from  dioxane  gave  2,5 -di-(p-nitrophenyl)-l,3,4 -oxadiazole  with  m.p.  302°  [4]. 

Found  N  18.01.  C14H8O5N4.  Calculated  N  17.94. 

Cooling  the  acetic  acid  solution  resulted  in  the  deposition  of  3.3  g  of  substance  with  m.p.  189-195°,  which 
after  two  recrystallizations  from  acetone  corresponded  to  2,5-di-(m-nitrophenyl)-l,3,4-oxadiazole.  Yield  1.2  g 
(20^),  m.p.  225-226°  [5]. 

The  acetic  acid  and  acetone  mother  liquors  were  worked  up  to  give  a  product,  which  after  purification  from 
methanol  was  2,5-di-(o-nitrophenyl)-l,3,4-oxadiazole.  Yield  2.4  g  (4(f}o),  m.p.  195-196°  [6]. 
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The  mixed  melting  points  of  the  different  oxadiazoles.  obtained  by  previously  knovm  methods  and  by  the 
above  described  procedure,  were  not  depressed. 

Nitration  of  2,5-diphenyl-l,3,4-oxadiazole  with  nitric  acid  (d  1.51)  in  concentrated  sulfuric  acid  medium. 

Ten  grams  of  2,5 -diphenyl-1,3,4 -oxadiazole  and  25  ml  of  coned,  sulfuric  acid  (d  1.84)  were  placed  in  a  flask, 
fitted  with  a  dropping  funnel,  thermometer  and  a  mechanical  stirrer,  and  then  to  the  obtained  mixture,  heated  to 
50’,  was  added  in  20  min,  with  vigorous  stirring  9  ml  of  nitric  acid  (d  1.51).  Then  the  temperature  of  the  reaction 
mass  was  raised  to  100°  and  the  heating  was  continued  for  6  hr,  after  which  the  flask  contents  were  poured  into 
500  ml  of  water.  The  obtained  yellow  crystalline  precipitate  was  filtered,  washed  with  water  until  neutral,  then 
with  alcohol,  and  dried.  After  two  recrystallizations  from  glacial  acetic  acid  and  acetone  a  colorless  crystalline 
product  was  obtained,  which  cOTresponded  to  2, 5-di-(m-nitrophenyl)-l,3,4 -oxadiazole.  Yield  4.5  g  (38^),  m.p. 226*. 

Found  <70:  N  18.23.  C14H8O5N4.  Calculated  *70;  N  17.94. 

The  mother  liquors  obtained  from  the  purification  of  the  2,5 -di-(m-nitrophenyl)- 1,3 ,4 -oxadiazole  were  worked 
up  to  give  4  g  of  substance,  which  was  dissolved  in  benzene  and  then  purified  by  chromatographing  on  aluminum 
oxide.  In  its  properties  the  obtained  product  was  identical  with  2 -phenyl-5 -(m-nitrophenyl)-l,3,4 -oxadiazole. 
Yield  3.6  g  (31*70),  m.p.  147’  [7]. 

Preparation  of  sulfate  of  2,5 -diphenyl-1,3,4 -oxadiazole.  One  gram  of  2,5-diphenyl-l,3,4-oxadlazole  was 
dissolved  with  cooling  in  2.5  ml  of  coned,  sulfuric  acid,  after  which  2,2  ml  of  distilled  water  was  added  dropwise, 
with  vigorous  stirring  and  at  a  temperature  of  5’.  A  silvery  precipitate  deposited,  which  was  Altered,  washed  first 
with  anhydrous  benzene,  then  with  ether,  and  dried  in  a  vacuum -desiccator.  The  double  sulfate  of  2,5-diphenyl- 
1,3 -oxadiazole  was  obtained  in  quantitative  yield,  m.p.  111-112’. 

Found  *70:  N  6.65.  CmHioONj  •  2H2SO4.  Calculated  '7>;  N  6.69. 

SUMMARY 

1.  It  was  shown  that  the  reaction  of  concentrated  nitric  acid  with  2,5 -diphenyl-1, 3,4-oxadiazole  yields  a 
mixture  of  the  o-,  m-  and  p-isomers. 

2.  The  nitration  of  2,5-diphenyl-l,3,4-oxadiazole  with  a  mixture  of  concentrated  nitric  and  sulfuric  acids 
was  studied. 

3.  The  double  sulfate  of  2, 5-diphenyl-l,3,4 -oxadiazole  was  obtained. 
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The  six-membered  homolog  of  thiazolidine-2,4-dione,  namely  l,3-thiazane-2,4-dione,  was  prepared  [l]by 
condensation  of  xanthamide  with  0 -iodopropionic  acid  and  was  named  sinapine  propionic  acid.  Although  their 
derivatives  have  not  previously  been  described  in  the  literature,  their  synthesis  Is  of  interest  because  thiazanediones, 
in  analogy  with  certain  thiazolidinediones,  can  be  expected  to  act  as  sedatives  and  antispasmodics. 

We  attempted  to  perform  the  synthesis  of  3 -aryl  derivatives  of  l,3-thiazane-2,4-dione  through  condensation 
of  thiourethanes  with  8  -chloropropionic  acid.  A  similar  synthesis  of  3-arylthiazolidine-2,4-diones  from  thiour- 
ethanes  and  monochloroacetic  acid  has  been  described  in  the  literature  [2-5].  It  was  realized  by  heating  the  re¬ 
actants  in  alcoholic  solution.  We  performed  the  condensation  in  acetic  anhydride  since  8  -chloropropionic  acid  is 
considerably  less  reactive  than  monochloroacetic  acid. 

Arylmustard  oils  and  alcohols  were  condensed  for  the  preparation  of  arylthiourethanes  (1). 

H  NAr  HNAr 
CjHj-d  4-  H  — ►  COC2H5 

S  S  (I) 


This  condensation  reaction  is  usually  effected  by  heating  of  the  components  [6]  in  sealed  tubes  at  120-170“. 
Fromm  [7]  showed,  however,  that  a  good  yield  of  phenylthiourethane  is  obtained  by  prolonged  boiling  of  phenyl - 
mustard  oil  with  alcohol. 

We  made  use  of  the  Fromm  method  and  showed  that  arylisothiocyanates  enterwith  facility  into  reaction  with 
alcohol  even  on  boiling  and  form  the  corresponding  thiourethanes  in  good  yields.  Alcoholic  solutions  of  phenyl - 
mustard  oil,  its  p-methyl,  m-methyl,  and  p-methoxy  derivatives,  also  the  a -naphthyl  and  0  -naphthyl  analogs, 
were  refluxed  for  up  to  35  hr  in  flasks.  By  this  technique  six  urethanes  were  obtained  (Tabic  1)  in  yields  of  78.4  to 
98.^.  Three  of  these  have  not  been  described  in  the  literature.  The  products  are  colorless  or  yellow,  crystalline 
substances,  nearly  od(vless,  readily  soluble  in  glacial  acetic  acid,  alcohol,  acetone,  ether,  benzene,  dioxane,  chloro¬ 
form,  and  methyl  acetate,  insoluble  in  water.  The  product  with  the  lowest  solubility  in  organic  solvents  is  a-naphthyl- 
thiourethane.  The  thiourethanes  are  hydrolyzed  when  boiled  with  alkali  solutions  and  go  into  solution. 

Arylthiourethanes  were  condensed  with  0  -chloropropionic  acid  by  brief  heating  in  acetic  anhydride. 
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TABLE  1,  N-Arylthiourethanes  ArNHCOQHs 
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?-C,oH7  21.2  199  275  65.95  4.20  5.44  j  ChHuOzNS  65.35  4.35  5.44 


The  resulting  thiaz«nediones(II)  (Table  2)  are  colorless  (in  a  few  cases  slightly  colored),  crystalline  substances, 
highly  soluble  in  glacial  acetic  acid,  acetone,  dioxane,  chloroform,  and  methyl  acetate;  they  dissolve  in  alcohol 
widi  heating:  they  are  nearly  insoluble  in  ether.  With  the  exception  of  the  naphthyl  daivatives  they  are  soluble  in 
boiling  water.  In  contrast  to  uiuubstituted  l,3-thiazane*2,4-dione,  the  products  that  we  prepared  are  insolidile  in 
sodium  carbonate  and  sodium  hydroxide  solutions. 

Phenylthiourethane  and  its  derivatives  are  characterized  (Table  1)  by  absorption  maxima  at  273-277  mp  which 
are  absent  from  the  ^ectra  of  diiazanediones  (11). 

EXPERIMENTAL 

Synthesis  of  thiourethanes  (I).  Arylmustard  oils  (10-200  mmoles)  were  dissolved  in  excess  of  ethanol  (10- 
20  ml)  and  refluxed  for  17-35  hr.  In  the  case  of  naphthylmustard  oils  the  thiourethanes  came  down  even  during  the 
heating.  The  remaining  thiourethanes  crystallized  out  on  cooling.  The  crystals  were  filtered  off,  washed  with  al¬ 
cohol  or  ether,  and  recrystallized  from  alcohol.  A  further  crop  of  thiourethanes  was  obtained  from  the  mother  liquor. 

Synthesis  of  diiazanediones  (II).  The  arylthiour ethane  (5-120  moles)  was  mixed  with  the  equivalent  quantity 
of  0 -chloropropionic  acid  and  heated  with  5-15  ml  of  acetic  anhydride  until  a  violent  reactioncommenced.  The 
reaction  mixture  was  evaporated  on  a  water  bath  until  the  odor  of  acetic  acid  had  disappeared.  The  residue  was 
triturated  with  a  small  quantity  of  ether,  filtered,  and  washed  with  ether. 

The  spectra  were  examined  with  the  help  of  a  SF-4  spectrophotometer.  The  solutions  investigated  contained 
1  mg  of  preparation  in  100  ml  of  alcohol. 

SUMMARY 

1.  Thiourethanes  of  the  aromatic  series  can  be  prepared  in  good  yields  by  prolonged  boiling  of  alcoholic  so¬ 
lutions  of  arylmustard  oils. 

2.  Condensation  of  arylthiourethanes  with  0  -chlcxopropionic  acid  in  acetic  anhydride  gave  3  -aryl  derivatives 
of  l,3-thlazane-2,4-diones. 
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According  to  the  literature,  3-6 -aminoethylindazole  and  5-hydroxy -3 -6 -aminoethylindazole  possess  serotonin¬ 
like  activity  [1],  We  were  therefore  interested  in  the  realization  of  the  synthesis  of  5-amino-3-6 -aminoindazole. 

The  initial  substance  for  the  synthesis  was  3-indazoleacetic  acid  which  was  converted  by  nitration  with  nitric  acid 
(d  1.48)  into  nitroindazoleacetic  acid.  The  acid  was  subjected  to  decarboxylation  with  the  objective  of  establi^ing 
the  position  of  the  nitro  group.  The  resulting  nitromethylindazole  melted  at  212-213"  which  corresponded  to  5- 
nitro-3-methylindazole  (m.p.  213*  [2]  or  221"  [3]), 

5 -Nitro -3-indazoleacetic  acid  was  converted  by  the  usual  method  into  the  nitrile  (via  the  ester  and  amide). 
The  nitrile  was  reduced  with  hydrogen  in  presence  of  skeletal  nickel  catalyst  at  80  atm.  5 -Amino -3 -6 -amino¬ 
ethylindazole  was  separated  from  the  reaction  mixture  in  the  form  of  the  picrate  which  was  then  converted  to  the 
hydrochloride.  The  triacetyl  derivative  of  5 -amino-3-8 -aminoethylindazole  was  also  prepared.  This  was  apparently 
a  mixture  of  1 -acetyl-5 -acetylamino-3 -6 -acetaminoetfiylindazole  and  2-acetyl-5-acetamino-3-6-acetamino- 
ethylindazole  since  the  melting  point  was  not  sharp. 

EXPERIMENTAL 

5-Nitro-3-indazoleacetic  acid.  To  280  ml  of  nitric  acid  (d  1.48)  was  added  33.8  g  of  3-indazoleacetic  acid 
in  the  course  of  25  min  at  14-22*.  The  reaction  mass  was  stirred  at  this  temperature  for  another  15  min,  then  poured 
into  a  large  volume  of  water,  and  filtered.  There  was  obtained  37  g  (87*^)  of  acid  with  m.p.  202-204"  (decomp.). 

It  crystallizes  from  water  in  the  form  of  needles  with  m.p.  205-206*  (decomp.).  Sparingly  soluble  in  benzene,  di- 
chloroethane,  and  ethyl  acetate,  more  easily  soluble  in  alcohol,  ether,  and  water. 

Found  C  49.24;  H  3.25;  N  18.80.  C9H/)4N3.  Calculated  C  48.87;  H  3.19;  N  19.00. 

5-Nitro-3-methyllndazole.  5 -Nitro -3-indazoleacetic  acid  (1  g)  was  heated  at  230-240*  until  carbon  dioxide 
evolution  ceased.  The  residue  was  recrystallized  several  times  from  chlorobenzene.  5-Nitro-3-methylindazole 
crystallizes  as  light-yellow  needles  with  m.p.  212-213*. 

Found‘d;  N  23.81.  CgHTO^Na.  Calculated  N  23.72. 

Ediyl  ester  of  5 -nitro -3-indazoleacetic  acid.  A  mixture  of  34  g  of  5 -nitro -3-indazoleacetic  acid,  430  ml  of 
anhydrous  alcohol,  and  20  ml  of  concentrated  sulfuric  acid  was  boiled  for  12  hr.  The  solution  was  concentrated 
to  100  ml  in  vacuo  and  i>oured  into  600  ml  of  water.  The  substance  was  extracted  with  ether.  The  ethereal  layer 
was  washed  with  water,  with  bicarbonate,  and  again  with  water,  and  dried  with  magnesium  sulfate. 

Removal  of  the  ether  left  28.9  g  (17.57o)  of  product  with  m.p.  150-153*.  It  crystallized  from  3Cf^  aqueous  al¬ 
cohol  in  the  form  of  pale-yellow  needles  with  m.p.  154-156*.  Soluble  in  the  usual  organic  solvents. 

Found  *70:  C  52.85;  H  4.31;  N  16.58.  CUHUO4N3.  Calculated  C  53.10;  H  4.45;  N  16.86. 

5 -Nitro -3  -indazoleacetamide.  A  mixture  of  28.9  g  of  ethyl  5-nitro-3-indazoleacetate  and  400  ml  of  con¬ 
centrated  aqueous  ammonia  was  stirred  at  room  temperature  for  6  days.  The  precipitate  was  then  filtered  off  and 
washed  with  water.  There  was  obtained  20  g  of  substance  with  m.p.  271*  (decomp.).  It  crystallized  from  a  large 
volume  of  water  in  the  form  of  greenish  needles  with  m.p.  275*  (decomp.).  Poorly  soluble  in  common  organic  sol¬ 
vents,  soluble  in  nitrobenzene. 

Found  *70;  c  49.17;  H  3.78;  N  25.48.  C9H80^N4.  Calculated '7o;  C  49.04;  H  3.66;  N  25.45. 
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5-Nltro-3-indazoleacetonitrile,  A  mixture  of  19.8  g  of  5-nitrO“3-indazoleacetamide  and  150  ml  of  POClj 
was  boiled  for  4.5  hr.  The  phosphorus  oxychloride  was  evaporated  in  vacuo.  To  the  residue  were  added  ice  and 
sodium  carbonate  (until  neutral ),  and  the  dark -brown  precipitate  was  filtered.  This  was  recrystallized  several  times 
from  ethyl  acetate.  Yield  7.3  g  (4(flo)  of  yellowish  product  with  m.p.  230-234*  (decomp.).  A  sample  for  analysis 
was  recrystallized  twice  from  etliyl  acetate.  5-Nitro-3-indazoleacetonitrile  is  a  colorless  substance  with  a  yellowish 
tinge,  m.p.  232-234’  (dccomp.),  readily  soluble  in  alcohol,  chloroform,  dichloroethane,  and  ether,  insoluble  in  lig- 
roln  and  water. 

Found  %  c  53.62;  H  3.09;  N  27.84.  C9H6q5N4.  Calculated C  53.46;  H  2.99;  N  27.71. 

5 -Amino-3 -6 -aminoethylindazole  hydrochloride.  5-Nitro-3-indazoleacetonitrile  (7.3  g)  in  15^o  alcoholic 
solution  of  ammonia  (500  ml)  was  hydrogenated  in  presence  of  skeletal  nickel  catalyst  at  80  atm  and  50“  for  2.5  hr. 
After  the  solvent  had  been  removed,  the  dark  oil  was  dissolved  in  a  small  quantity  of  a  mixture  of  alcohol  and  ethyl 
acetate,  and  to  the  solution  was  added  a  solution  of  8.3  g  of  picric  acid  in  25  ml  of  ethyl  acetate.  The  picrate  was 
collected  (approximately  13  g)  and  recrystallized  from  a  large  volume  of  water.  There  was  obtained  7  g  of  crystal¬ 
line,  orange  picrate  with  m.p.  238“  (decomp.). 

Found 'Vo;  c  44.40;  II  3.71;  N  24.35.  •  QlljOyNj.  Calculated  *70;  c  44.45;  H  3.73;  N  24.19. 

The  picrate  (7  g)  was  dissolved  in  I'fJo  hydrochloric  acid  (50  ml),  the  picric  acid  was  extracted  with  benzene, 
the  hydrochloric  acid  solution  was  evaporated  in  vacuo  to  about  l/5  of  its  volume,  and  absolute  alcohol  was  added 
to  the  residue  until  the  whole  of  the  hydrochlo/ide  had  separated  in  the  form  of  colcxless  crystals.  The  product  did 
not  melt  at  260“.  Readily  soluble  in  water,  sparingly  in  alcohol.  Yield  4.15  g  (42.ff7o), 

Found  <70:  N  20.82;  Cl  33.38.  C9H0N4  •  2.5HC1.  Calculated  "/o;  N  20.92;  Cl  33.27. 

1-  and  2 -Acetyl-5 -acetylamino-3 -(B -acetaminoethyl)indazoles.  A  mixture  of  0.5  g  of  5 -amino-3 -B -amino¬ 
ethylindazole,  15  ml  of  acetic  anhydride,  and  0.5  g  of  calcined  sodium  acetate  was  boiled  for  10  hr.  The  reaction 
mass  was  then  poured  into  water  and  neutralized  with  aqueous  ammonia  solution  to  pH  7.  There  was  obtained  0.47  g 
of  substance  with  m.p.  80-105“.  Several  recrystallizations  from  water  gave  a  colorless,  crumbly  powder  of  the  hy¬ 
drate  witli  m.p.  114-125“  (in  a  sealed  capillary).  Readily  soluble  in  ethyl  acetate,  alcohol,  and  chloroform,  in¬ 
soluble  in  ligroin  . 

Found  I0:  C  56.14;  H  6.03;  N  17.13;  H2O  5.45.  Cjslh803N4  *  Calculated  '7o:  C  56.24;  H  6.29;  N  17.49; 
HjO  5.63. 

The  m.p.  after  removal  of  the  water  of  crystallization  was  130-139“. 

SUMMARY 

1.  3-lndazoleacetic  acid  was  nitrated  and  it  was  shown  that  the  nitro  group  enters  in  the  5  position. 

2,  The  acid  was  converted  via  the  ester  and  amide  into  the  nitrile  which  was  reduced  to  5-amino-3-B- 
aminoethylindazole.  The  latter  was  characterized  by  preparation  of  its  picrate,  hydrochloride,  and  acetyl  derivative. 
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As  we  showed  earlier  [1],  the  introduction  of  a  nitro  group  into  the  5  and  7  positions  of  the  thioindigo  molecule 
lightens  the  color  of  the  dye,  whereas  entry  into  the  6  position  deepens  the  color.  Nitro -substituted  thioindigoes  can¬ 
not  be  employed  as  vat  dyes,  however,  because  their  reduction  to  the  leuco  compounds  is  accompanied  by  reduction 
of  their  nitro  group.  In  respect  to  the  nature  of  its  influence  on  the  color  of  thioindigo,  the  electron -accepting 
metiiylsulfonyl  group  diould  resemble  the  nitro  group,  while  unlike  the  nitro  group  it  remains  stable  during  vat  for¬ 
mation.  Compounds  containing  methylsulfonyl  groups  are  known  among  other  classes  of  vat  dyes  [2,  3]  and  are  ex¬ 
tensively  used. 

In  the  present  paper  we  describe  the  preparation  and  properties  of  previously  unknown  methylsulfonyl-sub- 
stituted  thioindigoes.  5,5'-Di-(methylsulfonyl)-thioindigo  was  prepared  from  3-nitro-4-chlorophenylmethylsulfone. 
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We  failed  to  synthesize  this  dye  by  cyclization  of  S-(4-methylsulfonylphenyl)-mercaptoacetyl  chloride  inthe 
presence  of  aluminum  chloride,  ot  by  treatment  of  this  acid  with  chlorosulfonic  acid.  In  tlie  latter  case  a  dye  is 
formed  which  in  all  probability  is  the  5,5’-disulfonic  acid  of  thioindigo. 


5,5'-Di-(methylsulfonyl)-thioindigo  has  an  orange-red  color.  It  is  completely  insoluble  in  benzene  and  other 
low-boiling  solvents  and  very  poorly  soluble  in  p-xylene.  Its  absorption  maximum  in  p-xylene  is  at  519  mji  (thio¬ 
indigo  in  p-xylene  has  a  maximum  at  543  mji ).  As  in  the  case  of  5,5'  -dinitrothioindigo  [1]  we  therefore  have  here 
a  marked  heightening  of  color.  Treatment  of  the  dye  with  an  alkaline  solution  of  sodium  hydrosulfite  gives  a  bright - 
yellow  vat  from  which  the  leuco  compound  is  not  discharged  by  cotton  fiber.  From  the  weakly  alkaline  vat  prepared 
by  addition  of  ammonium  chloride  to  the  alkaline  solution  the  leuco  compound  is  discharged  both  by  cotton  and 
by  wool.  The  weakly  alkaline  vat  is  light -yellow,  while  the  color  of  the  dyed  cotton  and  wool  is  pink. 


6,6’-Di-(methylsulfonyl)-thioindigo  was  synthesized  from  2-amino-4-methylsulfonylbenzoic  acid. 
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of  water  was  added  4.86  g  of  6-methylsulfonyl-3-keto-2,3-dihydro-l,4-benzothiazine,  and  the  mixture  was  refluxed 
for  0,5  hr.  After  dilution  with  40  ml  of  water,  the  excess  sodium  hydroxide  was  neutralized  with  hydrochloric  acid, 
and  5.2  ml  of  4  M  sodium  nitrite  solution  was  added  to  the  weakly  alkaline  solution.  The  resulting  solution  was 
stirred  into  a  mixture  of  7  ml  of  hydrochloric  acid  (d  1.15)  and  50  g  of  ice.  The  diazo  solution  was  slowly  stirred 
into  a  solution  of  5  g  of  copper  sulfate  and  4.1  g  of  sodium  cyanide  in  30  ml  of  water  at  20°.  After  being  stirred 
for  half  an  hour,  the  mass  was  filtered.  The  filtrate  was  acidified  and  the  resulting  precipitate  reprecipitated  from 
a  boiling  solution  of  4  g  of  crystalline  sodium  acetate  in  50  ml  of  water.  Yield  3.46  g  (64*70),  m.p.  182-184°. 
Crystallization  from  water  gave  yellowish  needles  with  m.p.  188,5-189.5°, 

Found  N  5.15,  5.12;  S  23.55 , 23.76.  C10H9O4NS2.  Calculated  N  5.16;  S  23.64. 

5 -Methylsulfonyl-3 -hydroxythionaphthene.  A  solution  of  2.71  g  of  S-(2-cyano-4-methylsulfonylphenyl)- 
mercaptoacetic  acid  and  1.1  g  of  sodium  hydroxide  was  made  up  in  50  ml  of  water.  To  this  solution  was  added 
15  g  of  sodium  chloride  and  the  mixture  stirred  fa  20  hr  at  30°.  It  was  then  cooled  to  10°  and  filtered.  The  precipi¬ 
tate  was  washed  with  10  ml  of  saturated  sodium  chloride  solution  and  formed  into  a  suspension  with  150  ml  of  water 
to  which  was  then  added  5  ml  of  hydrochloric  acid  (d  1.15).  The  stirred  mass  was  heated  to  80°,  held  for  0,5  hr, 
cooled  with  ice,  and  filtered.  Yield  1.21  g  (56*70),  m.p,  127-129°,  Crystallization  from  a  mixture  of  benzene  and 
n -hexane  gave  pale -pink  crystals  with  m.p.  131-132°. 

Found  *7o:  C  46.75  ,  46.74;  H  3.92,  4.15;  S  27.61,  27.70.  QHgOjSj.  Calculated  *7®:  C  47.35;  H  3.53;  S  28.09. 

5 -Methylsulfonyl-3 -acetoxythionaphthene.  To  1.5  ml  of  acetic  anhydride  were  added  0.57  g  of  5-methyl- 
sulfbnyl -3 -hydroxythionaphthene  and  0,12  g  of  anhydrous  sodium  acetate.  The  mixture  was  boiled  for  15  min, 
poured  into  15  ml  of  hot  water,  cooled,  and  filtered.  Yield  0.59  g  (87.5*7o),  colorless  crystals  (from  alcohol)  with 
m.p.  118.5-119.5°. 
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Found ‘7o:  C  49.23,  48.82;  H  4.13,  3.82;  S  23.83,  23.68.  CuHioO^j*  Calculated  "/o;  C  48.87;  n  3.73;  S  23.73. 

5,5’-Di-(methylsulfonyl)-thioindigo.  To  a  mixture  of  4  ml  of  2^  ferric  chloride  solution  and  2  ml  of  hydro¬ 
chloric  acid  (d  1.15)  was  added  0.45  g  of  5-methylsulfonyl-3-hydroxythionaphihene.  The  stirred  mixture  was  re¬ 
fluxed  for  2  hr.  The  precipitate  was  filtered  off,  and  washed  with  water  and  alcohol.  Yield  0.40  g  (90^)  of  dye 
in  the  form  of  orange -red  powder.  Crystallization  from  nitrobenzene  gave  orange -red  crystals  which  did  not  melt 
at  400“,  Soluble  in  sulfuric  acid  with  a  blue  color. 

Found  lo:  C  47.53,  47.20;  H  2.82,  2.96;  S  28.12,  28.23.  Ci8HEObS4.  Calculated  *70;  c  47.77;  H  2.67;  S  28.34. 

S-(4-methylsulfonylphenyl)  -mercaptoacetic  acid.  The  hydrochloride  of  p-aminophenylmethylsulfone  [5]  was 
prepared  by  stirring  the  latter  (1,71  g)  with  5  ml  of  hydrochloric  acid  (d  1.15).  To  the  hydrochloride  was  added  15  g 
of  ice,  and  diazotization  was  effected  with  2.7  ml  of  4  M  sodium  nitrite  solution.  The  diazo  solution  was  slowly 
stfrred  into  a  solution  (heated  to  70“)  of  2  g  of  potassium  ethyl  xanthate  and  4  g  of  sodium  carbonate  in  15  ml  of 
water.  After  15  min  the  mass  was  cooled,  the  viscous,  resinous  product  was  collected,  and  10  ml  of  alcohol  and 
1.5  g  of  sodium  hydroxide  were  added  to  it.  The  mixture  was  refluxed  for  3  hr.  Addition  was  then  made  of  a  so¬ 
lution  of  3  g  of  chloroacetic  acid  in  10  ml  of  water  which  had  been  neutralized  with  sodium  carbonate.  The  al¬ 
cohol  was  evapcxated  off,  50  ml  of  water  was  added,  and  the  mixture  heated  until  solution  occurred.  The  mass  was 
then  filtered  and  the  acid  isolated  from  the  filtrate  by  acidification.  Yield  1.77  g  (72^o),  m.p.  139-142".  Crystal¬ 
lization  from  water  gave  colorless  crystals  with  m.p.  144-145". 

Found  C  44.47,  44.26;  H  3.82,  3.75;  S  25.84,  25.85.  C9H10O4S2.  Calculated  I0:  C  43.89;  H  4.09;  S  26.05. 

Cyclization  of  S-(4-methylsulfonylphenyl)-mercaptoacetic  acid,  a)  Under  the  action  of  aluminum  chloride. 
S-(4-Methylsulfonylphenyl)-mercaptoacetic  acid  (0.2  g)  in  chlorobenzene  (5  ml)  was  heated  with  phosphorus  tri¬ 
chloride  (0.1  ml)  for  an  hour  at  70-80°.  Aluminum  chloride  (0.2  g)  was  added,  and  the  mixture  heated  on  a  boiling 
water  bath  for  an  hour.  The  reaction  product  was  decomposed  with  water,  the  chlorobenzene  distilled  with  steam, 
and  the  residue  boiled  with  a  hydrochloric  acid  solution  of  ferric  chloride.  Formation  of  dye,  even  in  traces,  was 
not  observed. 

b)  Under  ^e  action  of  chlorosulfonic  acid.  To  1.2  ml  of  chlorosulfonic  acid  was  added  0.25  g  of  S-(4- 
methylsulfonylphenyl)-mercaptoacetic  acid,  the  mixture  was  held  for  2  hr  at  20°,  0.02  g  of  potassium  bromide  was 
added,  and  the  mass  again  held  at  20°  for  2  hr.  It  was  then  poured  onto  ice  to  give  0.14  g  of  a  red  substance  which 
was  moderately  soluble  in  hot  water,  alcohol,  and  acetic  acid.  Treatment  with  sodium  carbonate  solution  caused 
the  color  to  change  to  violet,  and  the  aqueous  solution  also  became  violet.  The  product  is  similar  in  properties  to 
thioindigo  5,5'-disulfonic  acid  [6]. 

5 - (2 -  carboxy -5 -methylsulfonylphenyl) -mercaptoacetic  acid.  Sodium  hydroxide  was  added  to  a  mixture  of 
2.15  g  of  2 -amino-4 -methylsulfonylbenzoic  acid  [7]  until  the  acid  had  dissolved  completely.  To  the  solution  was 
added  2.8  ml  of  4  M  sodium  nitrite  solution,  and  the  mass  poured  into  a  mixture  of  3.5  ml  of  hydrochloric  acid 

(d  1.15)  and  20  g  of  ice.  The  diazo  solution  was  added  to  a  solution  of  2.0  g  of  potassium  ethyl  xanthate  and  2.0  g 
of  sodium  carbonate  in  10  ml  of  water  at  20°.  After  an  interval  of  ten  minutes,  5  ml  of  4(flo  sodium  hydroxide  so¬ 
lution  was  added  and  the  mass  refluxed  for  3  hr.  It  was  then  cooled  to  60°,  4  g  of  chloroacetic  acid  was  added,  and 
the  mixture  held  at  60°  for  0.5  hr  before  being  cooled.  The  mass  was  then  acidified,  allowed  to  stand  for  an  hour 
in  ice,  and  filtered.  Yield  2.26  g  (78?o),  rn.p.  218-221°.  Crystallization  from  water  gave  slightly  yellowish  needles 
with  m.p.  227-228°. 

Found ‘7o;  C  41.77,  41.90;  H  3.36,  3.56;  S  22.09,  22.02.  CioHioOgSj.  Calculated  *70:  C  41.37;  H  3.47;  S  22.10. 

6- Methylsulfonyl-3-acetoxythionaphthene.  A  mixture  of  4.5  g  of  acetic  anhydride,  1.45  g  of  S-(2 -carboxy - 
5-methylsulfonylphenyl)-mercaptoacetic  acid,  and  0.25  g  of  anhydrous  sodium  acetate  was  refluxed  fcx  5  min.  The 
hot  solution  was  podred  into  30  ml  of  hot  water,  cooled,  and  filtered.  Yield  1.30  g  (96^o),  m.p.  136-138",  Recrystal¬ 
lization  from  memanol  gave  colorless  needles  with  m.p.  139-140". 

Found  I0:  C  48.51,  48.87;  H  3.40,  3.35;  S  23.94,  23.75.  C11H10O4S2.  Calculated  <70:  C  48.87;  H  3.73;  S  23.73. 

6-Methylsulfonyl-3-hydroxythionaphthene.  To  10  ml  of  107o  sodium  hydroxide  solution  was  added  0.54  g 
of  6-methylsulfonyl-3-acetoxythionaphthene,  and  the  mixture  boiled  fcHr  0.5  hr.  It  was  then  poured  into  a  mixture 
of  ice  and  hydrochloric  acid,  and  the  resulting  precipitate  separated  by  filtration.  Yield  0.38  g  (83.5^o)  v/lth  m.p. 
135-137".  Recrystallization  from  chlorobenzene  gave  slightly  yellowish  crystals  with  m.p.  141-142*. 
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Found  C  47.37,  47.12;  H  3.72,  3.54;  S  28.16,  27.88.  CaHjO^Sj.  Calculated  C  47.35;  H  3.53;  S  28.09. 

6,6*-Dl-(methybulfonyl)-tfilolndlgo.  To  10  ml  of  25*^  ferric  chloride  solution  were  added  5  ml  of  hydro¬ 
chloric  acid  (d  1.15)  and  1.36  g  of  6-methylsulfonyl-3-acetoxythlonaphthene.  The  stirred  mixture  was  refluxed 
for  2  hr.  After  filtration  and  washing  with  water  and  alcohol,  there  was  obtained  1.09  g  (96.570)  of  dye  in  the  form 
of  a  red -violet  powder.  Crystallization  from  nitrobenzene  gave  red -violet  crystals  with  m.p.  380-385”.  Soluble  in 
sulfuric  acid  with  a  blue  color. 

Found C  48.14,  48.10;  H  2.75,  2.90;  S  28.77,  28.67.  CttHa06S4.  Calculated  *70:  C  47.77;  H  2.67;  S  28.34. 

SUMMARY 

1.  Previously  unknown  substituted  thioindigoes  containing  mcthylsulfonyl  groups  were  synthesized  and  their 
properties  described. 

2.  It  was  shown  that  methykulfonyl  groups  in  the  5  position  heighten  the  color  of  thioindigo,  whereas  those 
in  die  6  position  deepen  it.  Their  effect  on  the  color  of  thioindigo  is  therefore  similar  to  that  of  nitro  groups. 

3.  Solutions  of  the  leuco  compounds  of  the  new  dyes  in  a  strongly  alkaline  medium  have  a  color  deeper  than 
that  in  a  weakly  alkaline  medium;  the  leuco  compounds  are  not  discharged  from  such  solutions  by  cotton. 
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INVESTIGATIONS  ON  THIOINDIGO  DYES 

Vni.  ETHOXYMETHYLSULFONYL -SUBSTITUTED  THIOINDIGOES 
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K.  R.  Voroshilov  Scientific  Research  Institute  for  Organic  Intermediates  and  Dyes 
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Original  article  submitted  July  4,  1960 


We  earlier  described  [1]  thioindigo  dyes  containing  an  ethoxy  group  in  one  benzene  ring  and  a  nitro  group 
in  the  other.  Analogs  containing  a  methylsulfonyl  group  in  place  of  a  nitro  group  should  not  (unlike  ethoxynitro 
derivatives)  undergo  irreversible  changes  during  vat  formation.  Such  dyes,  with  an  electron -donating  substituent 
in  one  benzene  ring  and  an  electron -acceptor  in  the  other  ring,  can  be  employed  for  the  dyeing  of  fibers. 

We  have  synthesized  four  ethoxymethylsulfonyl -substituted  thioindigoes  starting  from  5 -ethoxy -3 -hydroxy - 
thionaphthene  [1],  6 -ethoxy -3 -hydroxy thionaphthene  [2],  and  thionaphthenequinone-2-(p-dimetfiylaminoanils) 
with  methylsulfonyl  groups  in  the  5  and  6  positions.  The  latter  were  prepared  by  condensation  of  the  ccxresponding 
methylsulfonyl -substituted  3 -hydroxythionaphthenes  [3]  with  p-nitrosodimethylaniline. 


In  addition  to  ethoxymethylsulfonyl  derivatives,  we  synthesized  two  monomethylsulfonyl -substituted  thio 
indigoes. 


All  the  prepared  dyes  are  reduced  to  the  leuco  compounds  by  treatment  with  alkaline  sodium  hydrosulfite 
solution  and  they  dye  cotton  and  wool  from  a  weakly  alkaline  vat.  The  colors  of  the  dyed  fiber  and  the  absorp¬ 
tion  maxima  of  solutions  of  these  dyes  in  p-xylene  are  set  forth  in  Table  1. 

The  absorption  maxima  of  these  dyes  were  compared  with  the  maxima  in  p-xylene  solution  of  the  corre¬ 
sponding  symmetrical  dyes.  We  gave  the  absorption  maxima  of  thioindigo  and  di -(methylsulfonyl) -substituted 
derivatives  in  [3];  5,5'-diethoxythioindigo  has  6,6’-diethoxythioindigo  has  Xj^ax  ^  P" 

xylene.  The  comparison  reveals  the  same  deviations  as  for  unsymmetrically  substituted  thioindigo  dyes  con- 


TABLE  1 


Substituent  in  thioindigo 
molecule 

Color  of  dyed  cotton 

^max 

im) 

•max'*®”* 

Calc. 

(mp) 

5-OC2U5.  S'-SOzCHt 

Brown 

562 

1.0 

553 

S-OGjUs.  B'-SOzCHt 

Gray 

573 

1.1 

572.5 

e-OCaHs,  .V-SOzCUt 

Red 

527 

1.3 

517 

6-OC2H5.  G'-SOzCllg 

Pink 

539 

1.6 

536.5 

5-SO2CH3 

Pink 

542 

1.7 

531 

6.SO2CH3 

Red  -violet 

552 

1.8 

550.5 
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taining  a  nltro  group  [1,  4],  i.e.,  for  all  the  described  dyes  the  ab¬ 
sorption  maxima  are  shifted  into  the  long -wave  region  relative  to  the 
arithmetic  means  of  the  absorption  maxima  of  the  corresponding 
symmetrical  dyes. 

EXPERIMENTAL 

5  -Metfaylsulfonylthionaphthenequinone  -2  -(p-dimethylaminoanil). 

A  mixture  of  1.14  g  of  5-methylsulfonyl-3-hydroxythionaphthene  [3], 

0.80  g  of  p-nitrosodimethylaniline,  and  0.2  g  of  sodium  hydroxide  in 
100  ml  of  water  was  stirred  at  20“  for  3  hr,  heated  to  70“,  and  filtered. 
The  product  was  washed  with  hot  water.  Yield  1.27  g  (70.5^o),  m.p. 
279-281“.  Crystallization  from  chlorobenzene  gave  dark  crystals  with 

a  green  tinge,  m.p.  281-282“. 

Found  °]o:  N  7.67,  7.70;  S  17.46,  17.43.  CitHjsC^NjSz.  Cal¬ 
culated  ^0.  N  7.77;  S  17.79. 

6  -Methylsulfonylthionaphthenequinone  -2  -(p-dimethylam  Inoanil). 

A  mixture  of  1.35  g  of  6 -methylsulfonyl-3 -acetoxythionaphthene  [3], 

0.3  g  of  sodium  hydroxide,  and  50  ml  of  water  was  heated  to  80“  and 
cooled  to  20“.  A  suspension  of  0.80  g  of  p-nitrosodimethylaniline  in 

50  ml  of  water  was  then  added,  and  the  mixture  stirred  at  20“  for 
3  hr  before  being  heated  to  70“.  The  precipitate  was  filtered  off  and 
wadied  with  hot  water.  Yield  1.07  g  (59.5*70),  m.p.  219-222“.  Crystal¬ 
lization  from  chlorobenzene  gave  dark  crystals  with  a  greenish  tinge, 
m.p.  235-237“. 

Found *70;  N  7.59,  7.61;  S  17.58,  17.52.  CiTHjeOjNzSz.  Cal¬ 
culated  *70:  N  7.77;  S  17.79. 

Ethoxymethylsulfonyl-substituted  thioindigoes.  A  mixture  of 
0.39  g  of  5-  or  6-ethoxy-3-hydroxythionaphthene  and  0.72  g  of  5- 
or  6  -methylsulfonylthionaphthenequinone-2  -(p-dimethylaminoanil) 
in  12  ml  of  acetic  acid  and  0.2  ml  of  piperidine  was  refluxed  and 
stirred  for  0.5  hr.  After  cooling,  the  precipitate  was  filtered  off  and 
wadied  with  hot  alcohol.  Yields,  some  properties,  and  analytical 
data  are  set  forth  in  Table  2. 

5  -Methylsulfonylthioindigo.  A  mixture  of  0.57  g  of  5 -methyl¬ 
sulfonyl-3 -hydroxythionaphthene  0.73  g  of  thionaphthenequincHie-2- 
(p-dimethy  lam  inoanil)  in  15  ml  of  acetic  acid  and  0.2  ml  of  piperidine 
was  refluxed  and  stfrred  for  2  hr.  After  cooling,  the  precipitate  was 
liltered  off  and  washed  with  hot  water.  Yield  0.74  g  (797o).  Crystalliza¬ 
tion  from  nitrobenzene  gave  dark-red  crystals  with  m.p.  350-355“. 
Soluble  in  sulfuric  acid  with  a  dark -blue  color. 

Found  *70:  C  53.45,  53.29;  H  2.91,  2.92;  S  25.19,  25.05. 

C17H10O4S3.  Calculated  C  54.51;  H  2.69;  S  25.68. 

6  -Methylsulfonylthioindigo.  A  mixture  of  0.68  g  of  6-methyl- 
sulfonyl -3 -acetoxythionaphthene,  0.73  g  of  thionaphthenequinone-2- 
(p-dimethylaminoanil),  15  ml  of  acetic  acid,  and  0.2  ml  of  piperidine 
was  refluxed  and  stirred  for  2  hr.  After  cooling,  the  product  was  fil¬ 
tered  off  and  washed  with  hot  alcohol.  Yield  0.67  g  (71.5^o)  of  dye. 
Recrystallization  from  nitrobenzene  gave  red  -violet  crystals  with 
m.p.  330-335“.  Soluble  in  sulfuric  acid  with  a  dark -blue  color. 

Found  °lo:  C  54.73,  54.85;  H  2.64,  2.65;  S  24.83,  24.73. 
Ci7Hio04^.  Calculated  ‘7o:  C  54.51;  H  2.69;  S  25.68. 
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SUMMARY 

Four  ethoxymethylsulfonyl-substituted  and  two  monomethylsulfonyl-substituted  thloindlgoes  were  synthesized 
and  their  absorption  spectra  in  p-xylene  measured. 
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Some  representatives  of  the  N -substituted  indazole  series  are  active  antibacterial  agents  [1,  2],  Many  com¬ 
pounds  of  the  furan  series  also  possess  high  bactericidal  activity  [3,  4].  It  was  therefore  of  interest  to  jwepare  com¬ 
pounds  containing  both  a  furan  ring  and  an  indazole  nucleus.  With  this  objective  we  undertook  the  synthesis  of  N- 
acylindazoles  and  6-acylaminoindazoles  containing  a  furan  ring  in  the  acyl  group. 

6-Nitroindazole  and  l-benzyl-6-aminoindazole  were  subjected  to  acylation.  Acylating  agents  were  2-furoyl 
chloride,  2-furanacrylyl  chloride,  and  their  5-nitro  and  5-bromo  derivatives.  The  furanic  acid  chlorides  were  pre¬ 
pared  by  reaction  of  the  acids  witli  thionyl  chloride  in  anhydrous  benzene  [5],  and  diey  were  purified  by  vacuum  dis 
dilation  immediately  before  being  brought  into  reaction.  Since  these  acid  chlorides  are  very  easily  hydrolyzed, 
acyladon  was  performed  in  a  medium  of  anhydrous  pyridine  or  anhydrous  benzene.  Anhydrous  solvents  were  also 
used  in  the  isolation  and  purification  of  the  N-acylindazoles.  Compounds  (I -IV)  were  prepared  in  this  manner. 


1  II  N 


CIL 


0.,N 


Nil- CO— I  j-x  o.n^'^/^'\n/co-ch=cmJ[  J-x 


(I) 


(II) 


a)  X  =  H,  b)  X  =  Br.  c)  X  =  NO,. 


—  COHN  — 


(III) 


I  _CII  =  CM- 


CH 


C0IIN-; 

(IV) 


''>^\N--CIl2CeIls 


The  N-acyl-6-nitroindazoles  that  we  synthesized  are  in  all  probability  1-acyl  derivatives.  They  were  pre¬ 
pared  by  prolonged  heating  of  6-nitroindazoles  with  the  acid  chlorides,  and  the  results  obtained  by  a  number  of 
investigators  [6]  at  high  temperature  indicate  tliat  the  acyl  enters  predominantly  in  the  1  position.  It  should  also  be 
noted  that  no  acylation  products  other  than  those  described  could  be  isolated  from  the  reaction  mass. 

EXPERIMENTAL 

l-(2*-Furoyl)-6-nitroindazole  (la).  To  a  solution  of  1.43  g  of  2-furoyl  chloride  in  15  ml  of  anhydrous  pyridine 
was  added  (dropwise)  1.77  g  of  6-nitroindazole.  The  mixture  was  heated  for  4  hr  at  100-110",  after  which  the  whole 
of  die  solvent  was  distilled.  The  solid  residue  was  pulverized  and  extracted  witfi  hot  benzene.  The  benzene  so¬ 
lution  was  cooled  and  the  solid  product  filtered  off,  washed  with  ether,  and  recrystallized  from  glacial  acetic  acid. 
Yellow  needles,  m.p.  189-190".  Yield  46”7o, 

Found  *70:  C  55.64;  H  3.01.  C0H7O4N3.  Calculated ‘y® :  C  56.01;  H  2.72. 

l-(5'  -Bromo~2'  -furoyl)-6-nitroindazole  (lb).  Light -brown  needles  (from  ethanol).  M.p.  199-201".  Yield 
24.4f7o. 

Found  *70;  N  12.68.  CEH604N3Br.  Calculated  *70:  N  12.50. 
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l-[8 -(2’-Furyl)-acrylyl]-6-nitroinclazole  (Ila).  Light -yellow  needles  (from  acetic  acid),  M.p.  240-242*. 
Yield  IW.  “ 

Found  *70:  C  58.85;  M  3.16.  C14H5O3N3.  Calculated  *70;  C  59.24;  H  3.18. 

1  -[3  -(5* -Bromo-2*  -furyl)-acrylyl]-6 -nitroindazole  (Ilb).  Yellow  crystals  (from  ethanol).  M.p,  213-215*. 
Yield  447o. 

Found ‘7o:  N  11,83.  Ci4H804N3Br.  Calculated ‘7o ;  N  11.60. 

l-(5*  -Nitro-2'  -furoyl)-6-nin:oindazole  (Ic).  To  a  solution  of  3  g  of  5-nitro-2-furoyl  chloride  in  15  ml  of  an¬ 
hydrous  benzene  was  added  1.63  g  of  6 -nitroindazole,  and  the  mixture  heated  at  100*  until  hydrogen  chloride  was 
no  longer  evolved  (about  12  hr).  The  benzene  was  distilled  off  and  the  reaction  product  extractcv.  from  the  solid 
residue  with  hot  acetic  acid.  Light -yellow  crystals  (from  acetic  acid).  M.p.  238-240*.  Yield  40^o. 

Found  N  18.38.  C0H6O6N4.  Calculated  *70;  N  18.54. 

l-[0 -(5* -Nitro-2’ -fury l)-acrylyl]-6 -nitroindazole  (11c),  Yellow-green  needles  (from  nitrobenzene).  M.p. 
210-212*.  Yield56.47o. 

Found  '7o:  N  16.89.  C14H8O6N4.  Calculated  N  17.07. 

6-(2'-Furoyl)amino-l-benzylindazole  (III),  To  a  solution  of  1.4  g  of  2-furoyl  chloride  in  20  ml  of  anhydrous 
benzene  was  gradually  added  1.7  g  of  1 -benzyl-6 -aminoindazole.  After  the  mixture  liad  been  heated  on  a  boiling 
water  batli  for  12  hr,  the  benzene  was  distilled  and  the  dry  residue  extracted  with  acetone.  Colorless  crystals  (from 
acetone).  M.p.  130-132°.  Yield  58.3^o. 

Found  *70:  N  13.43.  C,9Hi50ijN3.  Calculated  *70 :  N  13.25. 

6-[0 -(2'-Furyl)-acrylylamino]-l-benzylindazole  (IV),  Greenish  crystals  (from  ethanol).  M.p.  149°,  Yield 
59.6^0. 

Found  *70:  N  12.47.  QiHiANs-  Calculated  <70;  N  12.28. 

SUMMARY 

1.  N-Acyl-6-nitroindazoles  not  previously  described  in  the  literature  were  prepared  by  acylation  of  6-nitro- 
indazole  with  2-furoyl  chloride,  3 -(2-furan)-acrylyl  chloride,  and  their  5-bromo  and  5-nitro  derivatives. 

2,  New  6-acylamino-l-benzylindazoles  were  synthesized  by  acylation  of  1 -benzyl -6 -aminoindazole  with 
2-furoyl  chloride  and  3 -(2-furan)-acrylyl  chloride. 
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N,  M.  Kizhner  [1]  proposed  a  method  of  reduction  of  aldehydes  and  ketones  to  hydrocarbons  consisting  of 
catalytic  decomposition  of  their  hydrazones  in  presence  of  a  mixture  of  potassium  hydroxide  and  platinum,  supported 
on  broken  porous  plate,  and  silver  oxide. 

According  to  the  literature  the  reduction  of  paraffin -naphthenic  ketones  containing  four-  and  six-membered 
rings  by  the  Kizhner  reaction  proceeds  normally  to  give  hydrocarbons  with  a  structure  corresponding  to  that  of  the 
initial  ketones  [2-5].  On  the  other  hand  the  reduction  of  ketones  containing  a  six-membered  ring  gives  a  mixture 
of  hydrocarbons  boiling  over  a  wide  range  [6]. 

The  Kizhner  method  is  extensively  applied  even  at  the  present  time,  and  we  considered  that  it  would  be  both 
interesting  and  useful  to  establish  the  composition  of  this  hydrocarbon  mixture.  This  is  the  subject  of  our  paper. 

We  prepared  acctylcyclohexane  by  oxidation  of  methylcyclohexyl  carbinol  (method  a).  The  latter  was 
synthesized  by  Grignard  reaction  from  chlorocyclohexane  and  acetaldehyde.  We  also  prepared  acetylcyclohexane 
by  catalytic  ketonization  of  cyclohcxanecarboxylic  and  acetic  acids  in  presence  of  manganous  oxide  (method  b). 

The  product  of  both  methods  was  converted  to  the  semicarbazone  which  was  twice  recrystallized.  The  re¬ 
generated  ketone  was  perfectly  pure.  Ketones  synthesized  by  the  different  methods  and  prepared  from  their  hydra- 
zones  were  completely  identical. 

Decomposition  of  tlie  hydrazones  under  the  conditions  of  the  Kizhner  reaction  gave  a  mixture  of  saturated 
hydrocarbons  (containing  3.9-3.3^o  of  aromatics)  boiling  over  the  same  wide  range.  Partial  dehydrogenation  of  the 
cyclohexane  ring  had  consequently  taken  place. 

Fractional  distillation  of  the  two  hydrocarbon  mixtures  gave  fractions  with  the  same  boiling  point.  The 
original  mixtures  boiled  in  the  range  of  80.5-131.3°,  but  they  eontained  different  amounts  of  fractions  of  identical 
boiling  points.  This  difference  is  probably  due  to  different  temperature  regimes  in  the  reactor  during  the  decom¬ 
position  of  the  hydrazones. 

Aromatics  were  found  in  all  fractions  except  the  first  fractions.  The  latter,  judging  by  the  physico-chemical 
properties,  is  pure  cyclohexane  which  could  have  resulted  from  dealkylation  of  ethylcyclohexane  formed  during 
decomposition  of  the  hydrazone.  This  fraction  was  present  in  mixture(a)  to  the  extent  of  ll.l'Vo,  and  in  mixture  (b) 
to  die  extent  of  3.3^70, 

The  hydrocarbon  fractions  were  dehydrogenated  for  the  purpose  of  establishing  their  composition.  A  small 
part  of  each  of  the  dehydrogenated  fractions  (except  the  first)  was  oxidized  with  potassium  permanganate  [7],  and 
the  oxidation  products  worked  up  by  the  Moldavskii  method  [8].  The  products  of  oxidation  of  all  fractions  contained, 
apart  from  benzoic  acid,  o-phthalic  acid.  This  pointed  to  the  presence  of  o-xylene  which  could  only  have  been 
formed  by  dehydrogenation  of  1,2-dimethylcyclohexane  whose  presence  was  tite  result  of  isomerization  of  ethyl¬ 
cyclohexane.  In  fractions  boiling  lower  than  ethylbenzene,  this  acid  was  present  to  the  extent  of  2,Slo  (mixture  a) 
and  3.2"/o  (mixture  b).  A  fraction  ewresponding  to  ethylbenzene  in  boiling  point  was  oxidized  only  in  mixture (b). 

From  the  quantity  of  o-phthalic  acid  found,  the  corresponding  content  of  o-xylene  and  1,2-dimethylcyclo¬ 
hexane  in  the  fractions  and  in  mixture(b)  as  a  whole  was  calculated.  According  to  the  calculation  3.01*70  of  1,2- 
dimethylcyclohexane  was  present  in  mixture  (b). 
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o-Phthalic  acid  was  identified  from  its  melting  point  and  by  formation  of  fluorescein  and  phenolphthalein. 

Isomerization  of  ethylcyclohexane  to  1,2-dimethylcyclohexane  is  possible  during  dehydrogenation  in  presence 
of  platinum  at  300-305*.  It  can  also  isomerize  when  formed  during  decomposition  of  acetylcyclohexane  at  240*  in 
presence  of  a  Kizhner  catalyst  composed  of  alkali,  porous  pot,  and  silver  oxide  in  addition  to  platinum. 

Pure  ethylcyclohexane  was  passed  under  similar  conditions  over  the  same  fresh  catalyst  for  the  purpose  of  ob¬ 
taining  data  for  the  behavior  of  ethylcyclohexane  during  dehydrogenation  in  presence  of  platinum.  Part  of  the 
catalyzate  was  oxidized  by  the  Ullmann  method  and  worked  up  by  Moldavskii's  method.  From  the  oxidation  prod¬ 
uct  was  isolated  o-phthalic  acid  in  the  quantity  of  1.35^o,  equivalent  to  1.01*70  of  1,2-dimethylcyclohexane  in  tfie 
catalyzate,  which  is  considerably  less  than  in  the  oxidation  of  the  hydrocarbon  obtained  by  decomposition  of  the 
hydrazone  of  acetylcyclohexane. 

The  above  data  were  supported  by  measurements  of  the  Raman  spectrum  of  mixture(b)  as  a  whole;  the  731  cm"* 
line  was  found;  this  indicates  the  presence  in  the  mixture  of  1*70  of  cis -1,2-dimethylcyclohexane.* 

EXPERIMENTAL 

Chlorocyclohexane.  Heating  of  1040  g  of  cyclohexanone  with  the  four -fold  quantity  of  hydrochloric  acid 
(d  1.19)  on  a  boiling  water  bath  for  6  hr  gave  940  g  (76.3*7o)  of  chlorocyclohexane  with  b.p.  141-142*  (750  mm). 
According  to  the  literature  it  boils  at  142“  (760  mm)  [9]. 

Methylcyclohexylcarbinol.  Grignard  reaction  (three  experiments)  gave  146.2  g  of  methylcyclohexylcarbinol 
(38.1*70).  Components  in  each  experiment  were  118  g  of  chlorocycloliexane,  50  g  of  freshly  distilled  acetaldehyde, 
and  300  ml  of  absolute  ether.  The  reaction  was  carried  out  in  a  nitrogen  atmosphere. 

B.p.  82-84*  (12  mm),  nj5  1.4639,  4®  0.9244,  MRp  38.55.  CgHigO.  Calculated  38.59. 

Literature  data:  b.p.  189.5*  (760  mm),  ng  1.4661,  <^4®  0.9278  [10];  b.p.  81-82*  (15  mm),  dj®  0.9068  [11], 

Acetylcyclohexane.  a)  The  calculated  quantity  (77  g)  of  chromic  acid,  dissolved  in  tfie  minimum  quantity 
of  water,  was  run  dropwise  with  mechanical  stirring  and  ice  water  cooling  into  146.3  g  of  methylcyclohexylcar- 
binol  dissolved  in  146  ml  of  glacial  acetic  acid.  The  mass  was  heated  to  50*  in  0.5  hr.  The  oxidation  product  was 
separated  and  treated  with  2(f7o  alkali  for  removal  of  acids. 

The  ketone  was  converted  to  the  semicarbazone  which  after  recrystallization  from  alcohol  had  m.p.  173-175*. 
The  pure  ketone  was  isolated  from  the  semicarbazone  by  heating  on  a  water  bath  with  10*70  hydrochloric  acid;  yield 
120  g  (83.4*7o). 

B.p.  65"  (10  mm),  n|^  1.4519,  d^®  0.9216,  MRj)  36.90.  CsHmO.  Calculated  36.95. 

b)  A  mixture  of  cyclohexanecarboxylic  and  glacial  acetic  acids  (1  :  4)  was  passed  over  manganous  oxide  in 
a  catalytic  converter  at  360-380*  at  a  rate  of  0.2 -0.3  ml  per  min.  The  catalyzate  was  washed  with  water  for  re¬ 
moval  of  acetone,  and  with  2(fJo  caustic  alkali  for  removal  of  unreacted  acids.  It  was  then  dried  with  calcium 
chloride  and  twice  distilled  in  vacuo. 

The  65-69°  (12  mm)  catalyzate  fraction  was  converted  to  the  semicarbazone  (m.p.  173-175°),  whidi  was  de¬ 
composed  to  give  107.3  g  of  pure  ketone  (50. 6^0  yield  calculated  on  the  cyclohexanecarboxylic  acid  taken). 

B.p.  67,4-67.8°  (12  mrn),  nJJ  1.4520,  d^4®  0.9213,  MRj^  36.90.  CgH^O.  Calculated  36.95. 

Literature  data  for  acetylcyclohexanone:  b.p.  62.8-62.9°  (12  mm),  n{5  1.4497,  df  0.9157  [11];  b.p.  181.5- 
184.5°  (767  mm),  1.4495,  d^®*®  0.91325  [12]. 

Cyclohexanecarboxylic  acid  was  prepared  by  Grignard  reaction  from  355.5  g  of  chlOTOcyclohexane  and  solid 
carbon  dioxide.  The  acid  was  converted  to  the  sodium  salt  and  regenerated  with  strong  hydrochloric  acid.  The 
product  was  washed,  dried,  and  distilled.  Yield  216  g  of  acid  (56.3^o). 

B.p.  227-228.5°,  m.p.  29°  (753  mm),  d^®  1.0340. 

Literature  data:  b.p.  121°  (14  mm),  nf)  1.4599,  d^®  1.0344,  MRp  33.90  [13]. 

•  We  convey  our  best  thanks  to  E.  G,  Treshcheva  for  carrying  out  the  measurements  of  the  Raman  spectrum. 
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TABLE  1.  Fractional  Composition  and  Properties  of  Fractions  of  Hydrocarbon  Mixture  a)  (36  g) 


Before  dehydrogenation  | 

After  dehydrogenation 

b.p.  offrac-  1 
tions(760mnj 

0 

yield  (%) 

b.p.  (760  mm) 

d* 

«o.r)0 

1.^1 2rKi 

0.7783 

11.11 

1 

1..5004 

_ 

SO.5-129 

1.4330 

0.7884 

2.22 

120.5-135.5°  1 

1.4920 

0.8654 

129-131 

1.4.340 

0.789.5 

1.3.06 

131 

1.4.342 

0.7899 

12.2 

—  — 

— 

— 

131-131.3 

1.4345 

0.7898 

4.44 

—  — 

— 

— 

131.3 

1.4339 

0.7906 

28.61 

-  - 

— 

— 

Total  yield 

71.75 

Residue  in  flask  and  losses  28.25 

Acetylcyclohexane  hydrazone.  Freshly  distilled  hydrazine  hydrate  (b.p.  115-118°)  was  taken  in  double  the 
required  quantity.  For  120  g  of  ketone(a)  were  taken  105  g  of  hydrazine  hydrate  and  120  ml  of  absolute  alcohol; 
for  63  g  of  ketone(b)  were  taken  55.5  g  of  hydrazine  hydrate  and  63  ml  of  alcohol.  Both  mixtures  were  refluxed 
for  9  hr  on  an  oil  bath,  after  which  the  alcohol  and  excess  hydrazine  were  taken  off  with  rise  of  temperature  to  140°. 

The  hydrazones  were  extracted  with  ether,  dried  with  fused  potassium  hydroxide,  and  (after  removal  of  the 
ether)  distilled  in  vacuo. 

a)  109.7  g  (82.4*70),  b.p.  96-97°  (3  mm),  ng  1.5021,  d|®  0.9571,  MRp  43.18;  b)  51  g  (76.5^o),  b.p.  100-100.5° 
(5  mm),  15028,  d^®  0.9580,  MR^  43.20.  CgHigl^.  Calculated  43.05. 

TABLE  2.  Fractional  Composition  and  Properties  of  Fractions  of  Hydrocarbon  Mixture  b)(24g) 


Before  dehydrogenation 

After  dehydrogenation 

b.p.  of  fractions 
(760  mm) 

<i,“ 

yield  (%) 

b.p.  (760  mm) 

(/» 

80.5° 

1.4267 

■■n 

1.51K)4 

80.5-129 

1.43.34 

120.5—1.34.5° 

1.4921 

0.8635 

129-131 

1 .4340 

— 

— 

— 

131 

1.4330 

0.7901 

24.17 

134.5 — 135.5 

1.4926 

0.8640 

131-131.3 

1.4330 

0.7899 

27.08 

135.5 

1.4925 

0.8620 

Total  yield 

Residue  in  flask  and  losses 

84.58 

15.42 

Decomposition  of  acetylcyclohexane  hydrazone.  The  hydrazones  were  decomposed  separately  in  the  same 
apparatus  which  consisted  of  a  round -bottom  silver  flask  topped  by  a  Vigreux  column  and  a  dropping  funnel.  The 
potassium  hydroxide  employed  as  catalyst  was  twice  fused.  Pieces  of  porous  earthenware  plate  were  calcined, 
wetted  with  platinic  chloride  solution,  and  again  calcined.  In  each  experiment  1  g  each  of  freshly  fused  alkali 
and  calcined  platinized  earthenware  plate  were  introduced  into  the  flask.  The  hydrazones  were  slowly  run  drop- 
wise  into  the  flask  in  an  oil  bath  heated  to  200°,  Decomposition  in  both  experiments  was  performed  at  200-240° 

(in  the  bath).  Both  catalyzates  were  thoroughly  washed  with  5Cfyo  acetic  acid  until  the  residual  hydrazone  had 
been  completely  removed,  and  then  with  water  until  neutral.  The  product  was  dried  with  calcium  chloride.  From 
the  hydrazone  of(a)  was  obtained  36  g  of  catalyzate,  and  from  that  of(b)  25  g. 

Both  catalyzates  do  not  decolorize  potassium  permanganate  solution.  They  give  a  positive  reaction  with  for¬ 
malin  and  sulftiric  acid.  By  the  sulfuric  acid  method  3.9%  of  aromatics  was  found  in  catalyzate(a),  and  3.3%  in 
catalyzate(b)  (calculated  in  weight  %), 


1814 


TABLE  3.  Acids  Obtained  by  Oxidation  of  Fractions  (3  g  each) 


Mix^ 

tures 

B.p.  of 
fractions 

1  (760  mm) 

Benzoic  acid 

o-Phthalic  acid  1 

Content  in  initial  frac¬ 
tion  ( wt.  ^  %) 

melting  1 
point  j 

yield 

(in  g) 

melting 

point 

yield 
(in  g) 

,  tl, 2-dimethyl' 

o-xylene  tyclohexane 

a 

120.5—136.5° 

120  6° 

0.3570 

185—190° 

0.(K)92 

1.86 

1.86 

b 

120.5-134.5 

120  5 

0.3431 

190—191 

0.0112 

2.36 

2.34 

134.5-135.0 

120.5 

0.8564 

190-191 

0.1233 

9.57 

9.56 

135.0 

120.5 

0.2356 

— 

traces 

— 

In  the  whole  of 

hydrocarbon 

mixture(b) 

3.01 

Both  catalyzates  were  fractionated  in  the  same  twenty -plate  column  without  prior  removal  of  aromatics,  and 
then  fractionally  dehydrogenated.  The  dehydrogenation  catalyst  was  platinum  deposited  on  carbon  {2^o  of  platinum). 
Each  fraction  was  passed  over  the  catalyst  at  300-305°  in  a  nitrogen  atmosphere  at  a  rate  of  0.3  ml  per  min  until 
the  refractive  index  was  constant  (2-3  times).  They  were  then  distilled  and  their  constants  were  determined  (Tables 
1  and  2). 

We  see  from  these  tables  that  the  first  fractions  of  both  hydrocarbon  mixtures  are  pure  cyclohexane.  The 
constants  of  the  remaining  fractions  are  rather  higher  than  those  reported  for  ethylcyclohexane  in  the  literature, 
due  to  the  presence  of  aromatics.  The  constants  of  all  fractions  after  exhaustive  dehydrogenation,  however,  only 
differed  to  an  insignificant  extent  from  the  literature  values  for  benzene  and  ethylbenzene.  Traces  of  nondehydro - 
genated  hydrocarbons,  possibly  of  the  pentamethylene  series,  may  therefore  be  present. 

Oxidation  of  dehydrogenated  fractions.  The  fractions  (stirred  mechanically)  were  oxidized  with  alkaline 
permanganate  solution  on  a  boiling  water  bath.  Each  flask  contained  260  ml  of  distilled  water,  6  ml  of  2(fJo  alkali, 
and  3  g  of  fraction.  Saturated  permanganate  solution  was  introduced  in  small  portions  through  the  condenser  until 
decolorization  ceased. 

The  solution  was  filtered,  evaporated  to  a  small  volume,  transferred  to  a  small  beaker,  and  acidified  with 
hydrochloric  acid.  The  oxidation  product  was  transferred  to  a  small  acid-proof  filter,  washed  on  the  filter  with 
small  portions  of  water  until  free  of  hydrochloric  acid,  dried  to  constant  weight,  and  treated  with  chloroform  (for 
dissolution  of  the  benzoic  acid).  After  evaporation  of  the  chloroform  at  room  temperature,  the  acid  was  weighed, 
recrystallized  from  hot  water,  and  dried.  The  chloroform -insoluble  acid  was  also  recrystallized  from  boiling  water. 
This  acid  gives  a  positive  reaction  for  formation  of  fluorescein  and  phenolphthalein  which  characterizes  it  as  o- 
phthalic  acid.  Properties  and  yields  of  acids  are  set  forth  in  Table  3. 

We  see  from  Table  3  that  oxidation  of  intermediate  fractions  of  both  mixtures  gives  nearly  the  same  quantity 
of  o-phthalic  acid.  The  percentage  of  o-xylene  and  1,2-dimethylcyclohexane  was  calculated  for  each  fraction  and 
for  the  mixture  as  a  whole  in  the  case  of(b)  from  the  quantity  of  aci3  found. 

Dehydrogenation  of  ethylcyclohexane.  Ethylcyclohexane  was  synthesized  by  hydrogenation  of  ethylcyclo- 
hexene  which  was  prepared  by  dehydration  of  cyclohexylethylcarbinol.  B.p.  130.5°  (752  mm),  np  1.4332,  ^**0.7876. 

The  catalyst  for  the  dehydrogenation  was  platinum  deposited  on  carbon  (2(ylo  platinum).  The  hydrocarbon 
was  passed  over  the  catalyst  at  300-305°  in  a  weak  nitrogen  stream  at  a  rate  of  0.3  ml  per  min.  After  a  second  pass, 
the  catalyzate  had  1.4960,  0.8661.  Oxidation  of  the  catalyzate  (4.2  g)  and  working -up  of  the  product  were 

performed  as  before.  Separation  of  0.8843  g  of  oxidation  product  gave  0.7826  g  (98.65‘yo)  of  benzoic  acid  and 
0.1119  g  (1.35^70)  of  o-phthalic  acid  which  is  equivalent  to  0.99^o  of  o-xylene  and  of  1,2-dimethylcyclo- 

hexane. 

Consequently,  dehydrogenation  of  ethylcyclohexane  is  also  accompanied  by  its  isomerization. 
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SUMMARY 

Decomposition  of  acetylcyclohexane  under  the  conditions  of  die  N.  M.  Kizhner  reaction  is  accompanied  by 
dealkylation,  isomerization,  and  dehydrogenation  of  the  products  of  reduction  of  the  ketone.  Depending  on  the 
temperature  regime  during  the  decomposition  of  die  hydrazone,  die  resulting  hydrocarbon  mixture  contains  3.3  to 
11.1*^  of  cyclohexane,  3.01*^  of  1,2-dimethylcyclohexane,  and  3.3  to  3.9^o  of  aromatic  hydrocarbons  (ethylbenzene 
and  o-xylene). 
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SOME  TRANSFORMATIONS  OF  HETEROCYCLIC  SYSTEMS 
CONTAINING  THE  IMIDAZOLE  RING 


n.  AMINATION  OF  N -ALKYL-SUBSTITUTED  NAPHTHO-(l,2)- 
IMIDAZOLES  AND  6,7,8,9-TETRAHYDRONAPHTHO-(l,2)- 
IMHMZOLES* 

A.  D.  Garnovskii  and  A.  M.  Simonov 
Rostov-on-Don  State  University 

Translated  from  Zhnrnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  1941-1944,  June,  1961 

Original  article  submitted  July  13,  1960 


The  preceding  communication  [2]  dealt  with  the  properties  of  some  heterocyclic  compounds  containing  the 
imidazole  ring.  It  was  found  that  N -substituted  4,5,6,7-tetrahydrobenzimidazoles,  phenanthreno-(9,  10)-imidazoles, 
and  4,5-diphcnylimidazoles  differ  from  N -substituted  benzimidazoles  [3]  in  not  reacting  with  sodium  amide.  At 
the  same  time  the  corresponding  unalkylated  heterocycles,  except  benzimidazole  [4],  react  with  diazonium  salts 
at  tlie  CH  group  of  the  imidazole  ring  with  formation  of  2-areneazo  compounds. 

We  selected  naphtho-(l,2)-imidazole  (I)  [5],  6,7,8,9-tetrahydronaphtho-(l,2)-imidazole  (II)  [6],  their  1- 
alkyl  derivatives  (III,  V),  and  the  previously  undescribed  3-methylnaphtho-(l,2)-imidazole  (IV)  as  compounds  in 
a  further  study  of  the  transformations  of  heterocyclic  systems  of  this  type.  The  last -mentioned  compound  was  pre¬ 
pared  by  rnethylation  of  naphthimidazole.  The  position  of  the  methyl  group  was  established  by  another  synthesis 
from  N-p-toluenesulfonyl-6 -naphthylamine.  The  method  of  preparation  was  that  described  for  N-alkylbenzimid- 
azoles  [3,  7]  except  that  nitration  was  effected  after  rnethylation. 


iiN — (:ii 
^  1  & 

MN — 

/\/L/ 

1  II  1 

CM 

II 

•  N 

6  6 

K)J 

(I) 

(11) 

C2M5-  N--  CM  N  ^ 

t  II  1 

CM 

CM.,--N 

1 

1  fj  1 

I  II  1  II  1 

1 

N-CM;, 

1 

\  i"  1 

1  II  1  II  1 

1  II  1 

(HI)  (IV)  (V) 


CM 

II 

N 


Naphthimidazole  (I)  and  tetrahydronaphthimidazole  (II)  were  subjected  to  the  action  of  diazonium  salts 
prepared  from  p-chloroaniline,  sulfanilic  acid,  and  2,4-dinitroaniline;  as  in  the  case  of  benzimidazole,  azo¬ 
coupling  could  not  be  effected.  It  was  therefore  expected  that  N-alkylnaphthimidazoles  (HI,  IV)  and  tetrahydro¬ 
naphthimidazole  (V)  would,  like  N-alkylbenzimidazoles,  react  with  sodium  amide  to  form  2 -amino  derivatives. 
Experiment  confirmed  this  expectation.  By  means  of  the  amination  reaction  we  prepared  2-amino-3-mcthyl-2- 
amino-l-ethylnaphtho-(l,2)-imidazole  and  2-amino-l-methyl-6,7,8,9-tetrahydronaphtho-(l,2)-imidazole.  The 
presence  of  the  amino  group  in  these  compounds  was  confirmed  by  preparation  of  their  azomethines.  The  amines 
do  not  diazotize;  consequently  the  amino  group  is  in  the  2  position  of  the  imidazole  ring  [8]. 


•  The  system  of  numbering  of  ring  atoms  adopted  in  [1]  has  been  used  for  naphthimidazole  and  its  derivatives. 
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The  heterocyclic  systems  that  we  studied  can  be  divided  into  two  groups  on  the  basis  of  their  transformations 
at  die  CH  group  of  the  imidazole  ring. 

a)  Compounds  in  which  the  imidazole  ring  enters  at  the  CH  group  only  inm  electrophilic  substitution  (azo¬ 
coupling)  reactions.  To  this  group  belong  tetrahydrobenzimidazole,  phenanthrenoneimidazole,  and  also  4,5 -diphenyl- 
imidazole. 

b)  Compounds  whose  imidazole  ring,  after  alkylation  of  the  NH  group,  enters  only  into  nucleophilic  sub¬ 
stitution  reactions,  reacting  at  the  CH  group  with  sodium  amide.  To  this  group  belong  benzimidazole,  naphtho-(l,2)- 
imidazole,  and  tetrahydronaphtho-(l,2)-imidazole,  i.e.,  compounds  in  which  the  imidazole  ring  forms  a  condensed 
system  with  a  nucleus  exhibiting  aromatic  properties. 

The  character  of  the  transformations  taking  place  at  the  CH  group  of  the  imidazole  ring  in  heterocyclic  systems 
consequently  depends  on  the  structure  of  the  ring  to  which  it  is  joined. 

EXPERIMENTAL 

3-Metfaylnaphtho-(l,2)-imidazole  (IV).  a)  Equivalent  quantities  of  naphtho*(l,2)-imidazole  [5]  and  dimethyl 
sulfate  were  heated  for  15  min  at  80".  The  reaction  mixture  was  treated  with  207o  potassium  hydroxide  solution, 
and  die  methylation  product  was  extracted  with  chloroform.  The  extract  was  dried  with  sodium  sulfate,  the  chloro¬ 
form  driven  off,  and  the  residue  sublimed  in  vacuo.  Yield  Colorless  needles,  m.p.  137-138"  (from  aqueous  al¬ 
cohol). 

Found ‘yo;  N  15.45,  15.57.  CcHioNj.  Calculated  *70 ;  N  15.38. 

Picrate:  yellow  needles,  m.p.  256-257"  (from  alcohol  or  glacial  acetic  acid). 

Found  *70;  N  17.23.  CnHjoNz  *  C6H3O7N3.  Calculated  *70:  N  17.03. 

b)  An  alcoholic  solution  of  naphtho-(l,2)-imidazole  (1  mole),  potassium  hydroxide  (2  moles),  and  methyl 
iodide  (2  moles)  were  boiled  for  2  hr.*  Yield  lOlo, 

c)  l-Nitro-2-methylaminonaphthalene  [10],  prepared  by  hydrolysis  of  1-nitro-N-p-toluenesulfonyl-N-methyl- 
2-naphthylamine  [11]  in  92^o  sulfuric  acid,  was  reduced  with  stannous  chlwide  in  hydrochloric  acid  (1  :  1).  The 
diamine  was  isolated  with  excess  of  4(fJo  sodium  hydroxide  and  extracted  with  benzene.  It  was  then  recovered  from 
the  benzene  extract  by  means  of  formic  acid.  The  resulting  solution  was  boiled  for  an  hour,  diluted  with  water, 
heated  with  carbon,  and  filtered.  The  filtrate  was  made  alkaline  with  lC0o  sodium  hydroxide.  Yield  40%. 

The  compounds  obtained  by  methods  a),  b)  and  c)  were  identical;  likewise  their  picrates. 

2-Amino-3-mcthylnaphtho-(l,2)-imidazole  (VI).  Compound  (IV)  (1.8  g)  was  heated  in  dimethylaniline  with 
sodium  amide  (from  0.3  g  of  sodium  in  liquid  ammonia)  at  130-140"  until  hydrogen  ceased  to  come  off.  The 
amino  compound  was  isolated  by  the  earlier  method  [3].  Yield  4(77o.  Colorless  needles  with  m.p.  252-253"  (from 
toluene  or  benzene),  readily  soluble  in  alcohol  acetone,  and  chloroform,  and  in  water  with  heating;  sparingly  soluble 
in  ether. 

Found  <70:  N  21.23,  21.39.  C12HUN3.  Calculated  *70 :  N  21.31. 

2-p-Nitrobenzylideneamino-3-methylnaphtho-(l,2)-imidazole.  Prepared  by  boiling  (15  min)  a  solution 
of  amine  (VI)  and  p-nitrobenzaldehyde  in  absolute  alcohol.  Yield  nearly  quantitative.  Dark-red  needles  with 
m.p.  197"  (from  alcohol). 

Found  lo;  N  16.86.  Ci3Hi40^N4.  Calculated®/®:  N  16.96. 

2-Amino-l-ethylnaphtho-(l,2)-imidazole.  It  was  synthesized  frcxn  l-ethylnaphtho-(l,2)-imidazole  (III) 

[9]  by  die  same  procedure  as  for  amine  (VI).  Yield  4S^o.  Colorless  needles  with  m.p.  202-203"  (from  toluene  or 
water).  Readily  soluble  in  alcohol,  acetone,  chloroform;  sparingly  in  ether. 

Found ‘7);  N  19.68,  19.76.  CoHoNg.  Calculated  *70:  N  19.89. 

2-p-Nitrobenzylideneamino-l-ethylnaphtho-(l,2)-lmidazole.  Orange-red  needles  with  m.p.  211-212"  (from 
alcohol). 

Found ‘7®:  N  16.44.  CaoH^OiN^.  Calculated ‘7®:  N  16.27. 

•l-Methylnaphtho-(l,2)-imidazole  with  m.p.  88"  was  earlier  obtained  by  heating  naphthimidazole  and  methyl 
iodide  in  methanol  at  100"  [9].  These  results  require  confirmation. 
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5.6.7.8- Tetrahydro-l,2-naphthylenediamine  hydrochloride  (VII).  1,2-Naphthylenediamine  was  reduced  with 
sodium  in  amyl  alcohol  [12],  The  hot  solution  was  poured  into  water.  The  upper  layer  was  collected  and  a  small 
excess  of  hydrochloric  acid  (d  1.18)  was  added  to  it.  The  diamine  hydrochloride  came  down  on  cooling  and  was 
collected,  washed  with  ether,  and  dried  at  120*.  Yield  9(J7o.  Colorless  needles,  darkening  at  258“  and  melting  at 
above  300*  (from  alcohol  +  ether).  The  literature  [12]  gives  m.p.  260*. 

Found ‘Vo:  Cl  30.42,  30.45.  C10H14N2  •  2nCl.  Caleulated ‘7®:  Cl  30.18. 

6.7.8.9- Tetrahydronaphtho-(l,2)-imidazole  (II).  Previously  prepared  by  reduction  of  naphtho-(l,2)-imidazole 
with  sodium  in  amyl  alcohol  [6]  or  hydrogenation  over  PtC^  [13];  also  by  heating  of  5,6,7,8-tetrahydro-l,2-naphthyl- 
cnediamine  with  formic  acid  [13,  14]. 

A  mixture  of  11.7  g  of  the  diamine  hydrochloride  (VII)  and  30  ml  of  85*7"  formic  acid  was  coiled  for  30  min. 
Yield  0(77®.  Colorless,  lustrous  needles  with  m.p.  200-201*  (from  aqueous  alcohol).  Literature  data:  m.p.  196*  [6], 
202-204*,  201-203*  [13],  204-205*  [14]. 

1- Methyl-6,7,8,9-tetrahydronaphtho-(l,2)-imidazole  (V).  Equimolar  quantities  of  compound  (II)  and  dimethyl 
sulfate  were  heated  for  30  min  on  a  boiling  water  bath.  The  reaction  product  was  purified  by  distillation  in  vacuo; 
b.p.  219-220*  [11  mm).  An  oil  slowly  solidifying  to  crystals  with  m.p.  69-70*.  Yield  6(77®. 

Found  *7®:  N  14.68,  14.89.  C12H14N2.  Calculated  7®:  N  15.04. 

Picrate  m.p.  258-259*  (from  alcohol). 

The  compound  was  earlier  obtained  in  the  form  of  an  oil  by  hydrogenation  of  l-metiiylnaphtIio-(l,2)-imidazole 
[13].  Picrate:  m.p.  255-260"  [13]. 

2- Amino-l-methyl-6,7,8,9-tetrahydronaphtho-(l,2)-imidazole.  Prepared  similarly  to  (VI),  Yield  10-127®. 
Colorless,  lustrous  needles  with  m.p.  228-229°  (from  toluene).  Readily  soluble  in  alcohol  and  acetone,  sparingly  in 
ctlicr. 

Found  7®:  N  21.01,  21.05.  CgHisNa.  Calculated  7®:  N  20.88. 

SUMMARY 

1.  N-Alkylnaphtho-(l,2)-imidazoles  and  N-alkyl-6,7,8,9-tetrahydronaphtho-(l,2)-imidazoles  are  aminated 
by  sodium  amide  to  give  2 -amino  derivatives. 

2.  'Fhe  nature  of  the  transformations  proceeding  at  the  CU  group  of  the  imidazole  ring  of  the  systems  here 
studied  depends  on  the  structure  of  the  nucleus  forming  a  condensed  system  with  the  imidazole  ring. 
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IMINES  OF  DI-  AND  POLYKETONES 
VI.  2-METHYL-l,3-INDANEDIONEIMINE 

Ya,  F.  Freimanis  and  G.  Ya.  Vanag 

Institute  of  Organic  Synthesis,  Academy  of  Sciences  of  the  Latvian,  SSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  41,  No.  6, 
pp.  1945-1953,  June,  1961 
Original  article  submitted  April  1,  1960 


In  one  of  the  preceding  communications  the  properties  of  2 -phenyl-1,3 -indanedioneimine  (I,  R  =  QH5)  were 
described  [1].  2-Methyl-l,3-indanedioneimine  was  also  prepared  [2],  It  was  found  that  imines  of  2-substituted 
indanediones  in  the  solid  state  should  be  assigned  the  iminoenol  structure  (I),  whereas  in  solution  they  are  in  the 
ketoenamine  form  (II)  [2,  3]. 
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The  physical  properties  of  2-methyl-l,3-indanedioneimine  (I,  R  =  CH3)  resemble  those  of  2-phenyl-l,3- 
indanedioneimine  [1],  It  is  characteristic  of  compound  (1,  R  =  CH3)  that  it  has  better  solubility  in  c»:ganic  solvents 
and  is  slightly  soluble  in  hot  water.  An  unusual  observation  was  made  during  its  preparation.  Imination  of  methyl- 
indanedione  (see  [2])  gave,  apart  from  the  monoimine,  methylindanedionediimine.  Juding  by  the  orange-red  color 
of  the  compound  and  its  absorption  spectra  in  the  ultraviolet,  visible  (Table  1),  and  infrared  (Table  2)  regions,  it 
has  the  structure  of  the  cyclic  3  -am inoviny limine  (Ill)  (the  designation  "diimine"  is  used  arbitrarily). 

In  the  course  of  establishment  of  the  structure  of  the  substances  in  question,  the  assignment  of  the  character¬ 
istic  frequencies  in  the  infrared  absorption  spectra  to  specific  groups  was  based  on  known  data  for  the  absorption  of 
compounds  related  to  our  substances,  and  also  on  our  earlier  spectroscopic  data  [3].  The  diimine  is  isolated  in  the 
form  of  the  hydrochloride  (IV)  which  is  poorly  soluble  in  a  strongly  acidic  aqueous  medium.  The  diimine  salt  has 
a  deeper  color  (Xj^^x  458  m/i)  than  the  corresponding  base  (Xjjjax  ni/i).  The  ultraviolet  absorption  spectra 
(Table  1)  of  alcoholic  solutions  of  (III)  and  (IV)  have  an  interesting  characteristic;  at  a  concentration  of  1  •  10"^  M 
the  absorption  curves  of  (III)  and  (IV)  nearly  coincide,  while  at  a  concentration  of  1  •  10“^  M  the  long -wave  maximum 
is  appreciably  shifted  towards  the  shorter  waves.  This  effect  can  only  be  explained  on  the  assumption  that  in  suf¬ 
ficiently  dilute  solution  the  base  (III)  forms  salt-like  complexes  at  the  expense  of  the  hydrogen  atoms  of  the  hydroxyl 
groups  of  the  solvent  [4],  and  the  absorption  of  these  complexes  is  similar  to  that  of  salt  (IV).  The  properties  of  (III) 
and  (IV)  are  entirely  similar  to  those  of  other  8  -aminovinylimines  [5-10].  Salt  (IV)  can  be  reversibly  converted  by 
caustic  alkali  in  the  cold  into  the  free  base  (III)  which  is  rather  unstable;  it  hydrolyzes  when  heated  with  water  to 
give  the  monoimine  (I,  R  =  CH3).  Salt  (IV)  was  subsequently  prepared  directly  from  methylindanedionemonoimine 
by  the  Haas  method  [5]. 

Bromination  of  methylindanedioneimine  follows  the  same  course  as  that  of  the  2 -phenyl  analog  [1]  with  for¬ 
mation  of  the  already  known  2-bromo-2-methyl-l,3-indanedione  (V,  R  =  CH3)  [10]  (compare  [5,  11]). 

Attempts  to  introduce  a  bromine  atom  into  the  imine  molecule  with  retention  of  the  amino  group  were  un¬ 
successful,  due  probably  to  the  great  facility  of  hydrolysis  of  monoimines  of  indanediones  (see  [2]  and  below). 

8  "Aminovinylcarbonyl  and  related  compounds  exchange  the  imino  (x  enamino  group  with  hydroxyamine  or 
aniline  respectively  for  the  oximino  or  phenylamino  group  [12-14].  Methylindanedioneimine  reacts  in  acetic  acid 
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with  the  above  reagents  to  form  the  monoxime  (VI)  and  the  anil  of  2-methyIindanedione  (VII).  The  structure  of 
oxime  (VI)  was  confirmed  by  oximation  to  methylindanedionedioxime,  by  hydrolysis,  and  by  spectroscopy  (see 
Table  2). 


,C0\  .n 
Cell/  >C< 
\CO/  \nr 


Non 

I 


Call 


(V) 


/''^CMCIIa 

^CO 

(VI) 


NIIC0II5 

^1 

CO 

(VII) 


Nitration  of  the  imine  is  a  complex  reaction:  oxidation  and  nitrosation  take  place  in  addition  to  nitration. 
Further  details  will  be  published  later. 

We  also  studied  the  benzoylation  of  the  anils  of  2 -methyl-  and  2-phenylindanediones:  the  benzoylation  of  the 
imines  of  the  corresponding  2 -substituted  indanediones  was  investigated  earlier  [2].  Acylation  of  related  ctxnpounds 
has  been  studied  in  detail.  The  imines  of  dicarbonyl  compounds  are  acylated  both  at  the  a-carbon  atom  [15-17] 
and  at  the  nitrogen  [5,  11,  18-20]  or  oxygen  [21]. 

Judging  by  the  infrared  absorption  data  (Table  2)  the  anils  of  2 -substituted  indanediones,  under  the  conditions 
described  earlier  [2],  form  O-benzoyl  derivatives  (VIII)  which  are  cleaved  by  alkalies  ex  alkoxides  even  more  easily 
than  the  N,N -dibenzoates  of  imines;  the  cleavage  leads  to  regeneration  of  the  corresponding  anils  of  2 -substituted 
indanediones. 

The  differing  courses  of  the  benzoylation  reaction  in  the  case  of  imines  (n -derivatives  are  formed  [2])  and 
anils  (O -derivatives  are  formed)  of  2 -substituted  indanediones  is  due  to  the  circumstance  that  when  a  phenyl  group 
is  brought  into  the  aminoindone  molecule  at  the  nitrogen  atom,  the  electron -donating  properties  and  spatial  en¬ 
vironment  of  the  atom  are  altered.  Depending  therefore  on  the  value  of  Rj,  molecules  of  benzoyl  chloride  act  on 
the  aminoindone  molecule  in  different  ways  (cf.  [2]): 


NHCCX:<;H5 


CeHsCOCl 

CHjONa 


(VIll) 


N,N -dibenzoyl 
derivatives 


Dibenzoates  of  imines  and  the  monobenzoates  of  the  anils  react  with  sodium  methoxide  with  loss  of  the 
benzoyl  group  in  the  form  of  methyl  benzoate. 


In  the  majority  of  cases,  0  -aminovinyl  ketones  are  alkylated  at  the  a-carbon  atom  to  give  a -alkylated 
S -aminovinylcarbonyl  compounds  [22],  their  salts  [23-25],  or  products  of  hydrolysis  of  alkylated  0 -aminovinyl 
ketones  [26-27],  It  was  found  that  2-methylindanedioneimine  in  a  medium  of  sodium  methoxide  is  smoothly 
benzylated  in  the  2 -position.  The  product  is  isolated  in  the  form  of  the  fairly  stable  hydrochloride  (XI),  which 
reacts  with  sodium  ethoxide  to  give  the  ketoimine  (XII).  Hydrolysis  of  the  base  or  the  hydrochloride  gives  2- 
methyl-2-benzylindanedione  (XIII)  [28]. 
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In  view  of  the  physiological  activity  of  1-aminoindanes  [29,  30],  we  attempted  to  reduce  the  imines  of 
indanediones,  but  up  to  now  we  have  not  succeeded  in  obtaining  nitrogen -containing  products  in  alkaline,  neutral, 
or  acidic  media. 


The  literature  reports  that  N-acyl  derivatives  of  6-aminovinyl  ketones  are  reduced  with  retention  of  the  basic 
skeleton  of  the  molecule  even  when  6  -aminovinyl  ketones  themselves  are  cleaved  under  these  conditions  [20,  31]. 
We  made  precisely  the  same  observation  in  this  case. 

Reduction  of  N -monobenzoates  of  imines  of  2 -substituted  indanediones  (X,  Rj  =  H,  Rg  =  CgHs  or  CH3)  gives 
nitrogen -containing  products  although  of  different  structures.  Reduction  with  zinc  dust  in  acetic  acid  gives  respec¬ 
tively  2-phenyl-3-benzoylamino-l-indanedione  (XIV)  and  2 -methyl -3 -benzoyl -1-indanol  (XV).  The  structure  of 
these  compounds  was  verified  with  the  help  of  the  infrared  spectra  (Table  2).  The  oxime  of  (XIV)  was  also  pre¬ 
pared.  An  attempt  to  hydrolyze  the  amide  linkage  in  (XIV)  and  (XV)  led  to  products  of  their  destructive  cleavage. 


NHCOC0H5 

I 

CH\ 

C,iu(  >cnc6H5 

(XIV) 


NHCOCoHs 

I 

Co\u(  pencil.., 


OH 

(XV) 


Another  method  of  synthesis  of  3-aminoindanones  or  3-aminoindanols  is  the  reaction  of  3 -aminoindones  with 
Grignard  reagent.  It  was  hoped  to  obtain  compounds  (XVI),  (XVII),  or  (XVIII). 


NIlHg 

CcH4<"  Sen^ 
R,/  \on 

(XVI) 


R.^^^NIlRa 
r.cH4(^  ^ciiR., 

^co 

(XVII) 


R,.  /NIIR3 

Xc^ 

C0H4/  \chr.2 
r/  \0II 

(Will) 


CO 
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^'oHs 

(XIX) 


Imines  (II)  or  anils  (IX,  Rj  =  CeHs)  are  hardly  suitable  for  this  reaction  for  they  are  sparingly  soluble  in  ether, 
benzene,  or  dioxane.  N  -Monobenzoates  of  imines  (X,  Rj  =  H)  were  brought  into  reaction.  In  this  case,  also,  it 
was  found  that  the  N -monobenzoate  of  2-methylindanedioneimine  differs  slightly  from  its  2 -phenyl  analog.  With 
phenylmagnesium  bromide,  the  latter  forms  compound  (XVIII,  Rj  =  Rg  =  CgHs,  R3  =  CgHsCO)  [3],  while  the  2 -methyl 
derivative  forms  a  mixture  of  products  (XVI)  (predominantly)  and  (XVII,  Rj  =  CgHs;  Rg  =  CH3;  R3  =  CgHsCO),  as 
confirmed  by  the  infrared  spectrum  of  the  compound  in  which  valence  vibration  band  of  the  carbonyl  group  of  the 
five-membered  ring  is  relatively  weak  (see  Table  2).  On  treatment  with  acids,  the  mixture  of  reaction  products 
undergoes,  as  is  usually  the  case  [3],  hydrolysis  or  hydraminic  cleavage  with  formation  of  2-methyl-3-phenylindone 
(XIX,  R  =  CHg),  already  described  in  the  literature  [32]. 

6 -Aminovinyl  ketones  of  the  indane  series  are  consequently  capable  of  reaction  witli  organomagnesium  com¬ 
pounds  with  replacement  of  the  amino  group  by  an  organic  radical  (cf.  also  [12,  33]).  The  failure  of  attempts  to 
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obtain  free  fl  -aminoketones  of  this  series  is  due  in  our  opinion  to  the  susceptibility  of  3-atnlno-l-lndanones  (for 
example  of  the  type  of  XVII)  to  hydraminic  cleavage. 

Judging  by  the  above  facts,  the  chemical  properties  of  methylindanedioneimine  are  strongly  reminiscent  of 
those  of  phenylindanedioneimine.  Its  advantage  in  all  reactions  is  the  great  solubility  in  organic  solvents. 

The  Infrared  absorption  spectra  were  obtained  with  the  VIKS-12  MZ  instrument  using  a  prism  of  NaCl  [LiF  in 
the  3  M  region  in  the  case  of  substances  (III)  and  (IV)]. 

The  ultraviolet  absorption  spectra  were  obtained  with  the  help  of  a  two-ray  autorecording  apparatus  with  the 
SF-4  optimal  system. 

We  take  the  opportunity  of  extending  our  sincere  thanks  to  I.  V.  Obreimov  for  making  possible  the  measure¬ 
ment  of  absorption  spectra  in  the  optical  laboratory  of  the  Institute  of  Elementoorganic  Compounds  of  the  Academy 
of  Sciences  of  the  USSR 

EXPERIMENTAL 

1 -Amino-2 -methyl -3 -imino-l-indene  (IV).  Methylindanedioneimine  (1  g)  was  boiled  in  glacial  acetic  acid 
(20  ml)  with  ammonium  carbonate  (1  g)  and  anhydrous  zinc  chloride  (2  g)  for  an  hour.  The  mass  was  diluted  with 
20  ml  of  water,  and  10  ml  of  concentrated  hydrochloric  acid  was  added.  After  a  few  hours,  red  needles  were  isolated. 
Yield  0.43  g  (30lo).  Dark-red  prisms,  m.p.  above  250'  (from  alcohol).  The  salt  is  readily  soluble  in  water  and  polar 
solvents,  poorly  soluble  in  dilute  acids  and  non -polar  solvents.  The  substance  hydrolyzes  in  hot  aqueous  solution. 

Found  N  14.20.  CioHjoNz  •  HCl.  Calculated  N  14.39. 

Substance  (IV)  was  also  obtained  as  a  secondary  product  in  the  imination  of  2-mcthylindanedione.  The 
procedure  at  first  is  as  described  in  [2],  but  after  separation  of  the  monoimine  the  aqueous  filtrate  is  acidified  with 
a  large  quantity  of  concentrated  hydrochloric  acid;  salt  (IV)  comes  down  in  a  day. 

l-Amino-2-methyl-3-imino-l-indene  (III).  To  a  suspension  of  1  g  of  salt  (IV)  in  5  ml  of  alcohol  was  added 
5  ml  (3^0)  sodium  ethoxide.  Stirring  was  continued  until  the  mixture  turned  orange.  The  filtrate  was  gradually 
diluted  with  30  ml  of  water.  After  the  mass  had  stood  for  a  few  hours  in  the  cold,  the  orange  needles  were  collected. 
Yield  0.45  g  (5^o),  m.p.  178-180'  (sintering  at  165')  (from  alcohol). 

The  compound  is  easily  soluble  in  alcohol  and  acetic  acid,  sparingly  in  water.  The  diimine  at  first  dissolves 
when  heated  with  water,  but  later  the  imino  group  undergoes  hydrolysis,  and  ammonia  and  the  monoimine  of 
methylindanedione  are  formed.  Salt  (IV)  may  be  prepared  from  base  (III)  by  dissolving  it  in  acetic  acid,  diluting 
with  water,  and  adding  concentrated  hydrochloric  acid. 

Found ‘7o:  N  17.54.  C10H10N2.  Calculated  *70:  N  17.71. 

Bromination  of  imine  (I).  A  solution  of  bromine  in  acetic  acid  was  run  into  a  gently  heated  suspension  of  0.5  g 
of  imine  (I)  in  10  ml  of  glacial  acetic  acid  until  the  mixture  had  turned  light -yellow;  the  mass  was  then  poured  into 
water.  The  emulsion  crystallized  and  gave  0.63  g  (8^0)  of  2 -bromo-2 -methyl-1,3 -indanedione.  Colorless  crystals 
(from  alcohol),  m.p.  89-90'  (90-91'  [10]).  No  depression  of  melting  point  in  admixture  with  an  authentic  specimen. 

Monoxime  of  2 -methyl -1,3 -indanedione  (VI).  To  a  suspension  of  5  g  of  imine  (I)  in  50  ml  of  glacial  acetic 
acid  was  added  5  g  of  hydroxylamine  hydrochloride.  The  mixture  was  quickly  brought  to  the  boil  and  boiled  for 
15  seconds  (not  longer).  The  orange  solution  was  cooled  and  poured  into  250  ml  of  water.  A  small  quantity  of 
resinous  product  was  skimmed  from  the  emulsion  surface  after  ten  minutes.  After  a  day  3.7  g  (67^o)  of  monoxime 
was  collected;  colorless  crystals,  m.p.  134-136'  (twice  from  alcohol  +  carbon,  then  from  dilute  alcohol). 

The  oxime  is  soluble  in  common  organic  solvents.  In  sodium  hydroxide  it  dissolves  with  a  bright -yellow 
color  which  gradually  disappears  on  standing. 

Found  *70:  N  7.76.  CioUgO^N.  Calculated  *70:  N  8.00. 

Dioxime  of  2 -methyl -1,3 -indanedione.  A  mixture  of  0.4  g  of  mohoxime  (VI)  and  5  ml  of  alcohol  was  boiled 
with  1  g  of  hydroxylamine  hydrochloride  and  2  g  of  sodium  acetate  for  3  hr.  The  next  day  the  mass  was  heated  and 
hot  water  was  added  gradually  until  precipitation  of  substance  ceased.  Yield  0.36  g  (83*70),  m.p.  219-219.5'  (from 
alcohol).  No  depression  of  melting  point  in  admixture  with  authentic  dioxime  [10].  We  obtained  a  melting  point 
which  was  very  much  higher  than  reported  by  Wislizenus  (219'  as  against  116-117').  Methylindanedione  was  ob- 
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TABL£  1.  Ultraviolet  Absorption  Spectra 
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Frequencies  in  cm"^;  percent  absorption  in  brackets;  in  =  broad  band;  n  =  inflection. 


tained  by  hydrolysis  of  the  mono-  and  dloxime  of  2 -methylindanedione.  Hydroxylamine  was  detected  in  the  product 
of  hydrolysis  [34]. 

Found  N  14.81.  C,oH„OiNj.  Calculated  %.  N  14.73. 

Anil  of  2 -methylindanedione  (Vll).  A  mixture  of  1  g  of  imine  (1)  in  7.5  ml  of  glacial  acetic  acid  and  1.7  g 
of  aniline  was  boiled  for  2  hr.  To  the  still  warm  solution  was  added  10  ml  of  water.  The  next  day  the  anil  was 
separated.  Yield  0.52  g  of  red  needles  witfi  m.p.  189-190’  (from  alcohol).  No  depression  in  admixture  with  a  sam¬ 
ple  prepared  by  the  literature  method  [3]. 

Benzoate  of  2-phenylindanedione  anil  (Vni,  Rj  =  R*  =  ^Hs).  A  mixture  of  1  g  of  the  anil  in  5  ml  cf  pyridine 
and  2  ml  of  benzoyl  chloride  was  boiled  for  a  minute.  The  mass  was  cooled  to  0*  and  methanol  added  portionwise 
(5  +  20  25  ml).  Crystallization  was  induced  by  rubbing  of  the  sides  with  a  glass  rod.  The  mass  was  allowed  to 

stand  in  the  cold.  The  next  day  the  precipitate  was  collected  and  washed  with  alcohol.  Yield  1.11  g  of  orange- 
yellow  needles  with  m.p.  159-161’  (sintering  at  153’)  (from  alcohol  and  benzene,  drying  in  vacuo). 

Found  ^Vo:  N  3.48.  QgHjgOjN.  Calculated  *70;  N  3.49. 

Benzoate  of  2 -methylindanedione  anil  (VIll,  Rj  =  QHs;  Rj  =  CH3).  A  solution  of  1  g  of  anil  (Vll)  in  3  ml  of 
pyridine  was  prepared  and  cooled,  1  ml  of  benzoyl  chloride  was  added,  and  the  mixture  gently  heated  until  a  thick 
crystal  slurry  had  formed.  This  was  cooled  to  0’  and  10  ml  of  alcohol  carefully  added.  The  product  was  later 
isolated  as  in  the  preceding  experiment.  Yield  1.13  g  (IfFlo).  Lemon -yellow  platelets  with  m.p.  123-124’  (from 
methanol,  drying  in  vacuo). 

Found  *70;  N  4.24.  CzgHiAN.  Calculated  %  N  4.13. 

Both  benzoates  dissolve  readily  in  acetic  acid;  poorly  soluble  in  cold  alcohol  or  benzene. 

Alcoholysis  of  benzoate  of  2-phenylindanedione  anil.  A  solution  of  0.5  g  of  benzoate  (Vlll,  Rj  =  R*  =  QHs) 
was  prepared  in  5  ml  of  3^o  sodium  methoxide.  After  a  few  minutes  the  solution  turned  dark -red.  A  crystal  slurry 
was  formed  by  addition  of  a  few  drops  of  acetic  acid.  It  was  filtered  after  an  hour  and  the  crystals  were  washed  with 
alcohol  and  sodium  bicarbonate  solution.  Yield  0.29  g  (78^o),  Red  plates,  m.p.  221-222’  (from  glacial  acetic  acid). 
No  depression  in  admixture  with  authentic  phenylindanedione  anil  [1]. 

Alcoholysis  of  the  benzoate  of  2 -methylindanedione  anil.  A  mixture  of  0.4  g  of  benzoate  (VIll,  Rj  =  CgHs; 

R2  =  CH3)  and  3  ml  of  3^0  sodium  methoxide  was  boiled  for  a  minute.  The  still  warm  solution  was  acidified  with 
acetic  acid.  The  mass  was  filtered  an  hour  later  and  the  product  purified  as  in  the  preceding  experiment.  Yield 
0.2  g  (72^0).  Red  needles  with  m.p.  188*  (twice  from  alcohol).  No  depression  in  admixture  with  authentic  methyl¬ 
indanedione  anil. 

For  the  purpose  of  identification  of  the  methyl  benzoate  formed  by  cleavage  of  the  benzoates,  5  g  of  phenyl- 
indanedioneimine  dibenzoate  was  hydrolyzed  [2]  with  40  ml  of  1.57«>  sodium  methoxide  solution.  After  the  mono¬ 
benzoate  had  been  separated,  the  filtrate  was  poured  into  water,  the  oily  drops  extracted  with  ether,  and  the  ethereal 
extracts  dried.  After  the  solvent  had  been  distilled  off,  the  residue  was  twice  fractionated  to  give  methyl  benzoate 
with  b.p.  197-199’. 

The  mother  liquors  from  the  anils  isolated  in  the  alcoholysis  experiments  described  above  also  contained 
methyl  benzoate  which  was  detected  by  the  odor  of  the  residue  when  the  solvents  had  been  taken  off. 

2-Phenyl-3 -benzylamino-1  -indanone  (XIV).  A  solution  of  3  g  of  the  N -monobenzoate  of  phenylindanedione- 
imine  (X,  Rg  =  CeHg)  in  30  ml  of  glacial  acetic  acid  was  prepared,  and  to  the  gently  boiling  solution  was  added 
zinc  dust  until  the  solution  had  become  nearly  colorless.  The  mass  was  filtered  and  poured  into  water.  Yield 
2.32  g  (7770),  Very  light,  colorless,  small  needles,  m.p.  212-214’  (twice  from  alcohol). 

Slightly  soluble  in  cold  alcohol,  readily  soluble  in  glacial  acetic  acid.  The  product  is  unchanged  after 
boiling  with  sodium  ethoxide  ot  in  a  mixture  of  alcohol  and  concentrated  hydrochloric  acid,  but  is  quickly  cleaved 
in  a  mixture  of  acetic  acid  and  concentrated  sulfuric  acid  to  give  a  nitrogen -free  product  of  unknown  structure  with 
m.p.  253.5-254.5’,  Benzoic  acid  and  ammonium  sulfate  were  found  in  the  solution. 

Found ‘7o:  N  4.10.  Calculated  <70 :  N  4.28. 

2-Phenyl-3-benzoylamino-l-indanoneoximc.  A  mixture  of  0.25  g  of  2-phenyl-3-benzylamino-l-indanone 
(XrV)  and  10  ml  of  alcohol  was  boiled  with  excess  of  hydroxylamine  hydrochloride  and  sodium  acetate  for  3  hr. 
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A  few  milliliters  of  water  were  then  added  to  the  mixture  which  was  brought  to  the  boil,  cooled,  and  filtered.  Yield 
0.21  g.  A  colorless  powder  with  m.p.  228-230’  (twice  from  alcohol). 

Found  N  8.21.  CnHuOiNj.  Calculated  N  8.23. 

2-Methyl-3-benzoylamino-l-indanol  (XV).  Benzoate  of  mcthylindanedioneimine  (1  g)  was  dissolved  in  10  ml 
of  glacial  acetic  acid,  and  zinc  dust  was  added  portionwise  with  heating  until  the  solution  was  colorless.  After 
filtration,  the  filtrate  was  poured  into  100  ml  of  water.  The  precipitate  quickly  resinified.  Colorless,  very  fine, 
small  needles  with  m.p.  231-232’  (three  times  from  alcohol). 

Found‘d:  N  5.13.  Ci7Hj7P2N,  Calculated  “Vo :  N  5.24. 

Interaction  of  the  benzoate  of  2 -mcthylindanedioneimine  with  Grignard  reagent.  A  Grignard  reagent  was 
prepared  from  1.12  g  of  magnesium  in  20  ml  of  absolute  ether  and  5.1  g  of  bromobenzene  in  10  ml  of  ether.  After 
the  whole  of  the  bromobenzene  had  been  added,  the  solution  was  boiled  for  another  hour,  after  which  a  solution  of 
1  g  of  the  N -monobenzoate  of  2 -mcthylindanedioneimine  in  15  ml  of  anhydrous  dioxane  was  quickly  added.  The 
mass  was  stirred  and  boiled  on  a  water  bath  for  several  hours.  An  additional  one -half  of  the  above  quantity  of 
phenylmagnesium  bromide,  prepared  as  above,  was  then  added.  On  the  following  day  the  mixture  was  decomposed 
with  dilute  hydrochloric  acid  and  extracted  with  40  ml  of  ether.  The  ethereal  layer  was  washed  with  water  several 
times,  with  sodium  hydroxide  solution,  and  again  with  water  (0.11  g  of  N -monobenzoate  was  recovered  from  the 
alkaline  extracts  by  acidification).  The  ethereal  solution  was  dried  with  anhydrous  sodium  sulfate  and  evaporated 
to  10  ml,  after  which  it  was  added  dropwise  to  75  ml  of  ligroin  .  Yield  0.86  g  (75*70)  of  light-pink  substance.  Part 
of  this' was  dissolved  in  ether  and  the  solution  added  dropwise  to  twice  the  volume  of  ligroin  .  After  a  few  minutes, 
the  precipitate  was  filtered  off  and  the  filtrate  left  in  an  open  vessel  overnight.  A  day  later  the  colorless,  micro¬ 
crystalline  product  was  collected.  It  did  not  have  a  definite  melting  point.  It  could  not  be  purified  to  constant 
melting  point  due  to  its  exceedingly  high  solubility  in  the  majority  of  solvents  (except  water  and  aliphatic  hydro¬ 
carbons).  A  mixture  of  products  (XVI)  and  (XVII)  was  obtained  with  Rj  =  Cells;  R2  =  CH3;  R3  =  Ce^sCO. 

Found  N  4.15.  CzgHigOzN.  Calculated  N  4.10. 

2-Methyl-3-phenyl-l-indone  (XIX,  R  =  CH3).  A  mixture  of  0.5  g  of  the  above -described  mixture  of  products 
and  3  ml  of  methanol  saturated  with  hydrogen  chloride  was  boiled  for  10  min.  The  dark -orange  solution  was  slowly 
cooled  while  the  walls  of  the  flask  were  rubbed  with  a  small  glass  rod.  After  crystallization  had  started,  the  mix¬ 
ture  was  left  in  the  cold  for  an  hour.  Yield  0.26  g  of  orange  crystals  (ammonia  was  detected  in  the  filtrate); 

m.p.  84-85’  (twice  from  methanol).  No  depression  of  melting  point  In  admixture  with  authentic  2 -methyl-3 - 
pheny  Undone  [32]. 

Oxime:  m.p.  199-200’.  The  literature  gives  m.p.  199-200°  [32]. 

Found  *7o;  N  5.82.  CigHcON.  Calculated  *70:  N  5.95. 

l-Keto-2-methyl-2-benzyl-3-iminoindane  chloride  (XI).  2-MethyUndanedioneimine  (1  g)  was  boiled  with 
a  mixture  of  7  ml  of  3®/o  sodium  methoxide  solution  and  1.4  g  of  benzyl  bromide  for  10  min.  After  cooUng,  methanol 
saturated  with  hydrogen  chloride  and  50  ml  of  ether  were  added.  Crystals  of  chloride  (XI)  came  down  together  with 
sodium  bromide  and  sodium  chloride  (these  were  isolated  quantitatively).  The  product  was  filtered  and  washed  with 
ether.  Yield  2.22  g  (74^  calculated  on  the  pure  chlcxide).  Part  of  the  preparation  was  dissolved  in  acetic  acid, 
filtered,  and  precipitated  with  ether.  Colorless  needles,  dried  at  105’,  m.p.  237-238’  (sintering  at  233’). 

Found  *70;  N  4.81.  CnH^ON  •  HCl.  Calculated  *70:  N  4.90. 

1- Keto-2 -methyl-2 -benzyl-3 -iminoindane  (XII).  To  a  suspension  of  1  g  of  unpurified  chloride  (XI)  in  7,5  ml 
of  alcohol  was  added  7.5  ml  of  3*70  sodium  ethoxide.  The  solution  was  filtered  and  poured  into  40  ml  of  water. 

After  an  hour  0.46  g  of  colorless  substance  was  collected;  m.p.  105-107’  (from  dilute  alcohol,  drying  in  vacuo). 

The  imine  is  readily  soluble  in  the  usual  organic  solvents.  It  is  easily  hydrolyzed  to  2-benzylindanedione. 

Found  %:  N  5.48.  C17H15ON.  Calculated  *7o:  N  5.62. 

2 - Methyl-2 -benzyl-1,3 -indanedione  (XIII).  Unpurified  (XI)  (0.3  g)  was  boiled  with  a  mixture  of  2  ml  of  al¬ 
cohol,  2  ml  of  water,  and  1  ml  of  concentrated  hydrochloric  acid  for  15  min.  Colorless  (XIII)  was  collected  on  the 
following  day;  yield  0.17  g,  m.p.  78-79’  (twice  from  alcohol).  No  depression  of  melting  point  in  admixture  with 
an  aufiientic  preparation  [28].  Ammonia  was  detected  in  the  filtrate. 
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SUMMARY 

1,  2 -Methyl-1,3 -indanedioneimine  resembles  2 -phenyl-1,3 -indanedioneiminc  In  many  characteristics,  in¬ 
cluding  reactions  with  amines  and  Grignard  reagents,  and  in  bromination,  benzylation,  and  reduction  reactions. 

2.  Methylindanedionediimine  and  its  hydrochloride  were  prepared,  also  some  derivatives  of  the  3-amlno- 
indanone  and  3-amino-l-indanol  series. 
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In  the  previous  communication  [1-4]  we  described  the  properties  and  reactions  of  imines  of  2 -phenyllndandione 
and  2  -methylindandione  and  tried  to  establish  the  structures  of  these  imines  and  some  of  dieir  analogs.  In  its  general 
properties  the  imine  of  2 -methylindandione  greatly  resembles  the  behavior  of  its  2 -phenyl  analog.  However,  the 
nitration  reaction  of  the  first  compound  is  quite  complex.  Several  compounds  are  always  formed;  in  this  connec¬ 
tion  it  was  necessary  to  study  the  nitration  of  2 -methylindandione  itself. 

The  nitration  of  indandiones  has  been  studied  sufficiently  fully  in  the  case  of  indandione,  2 -aryl-  or  2 -aralkyl 
substituted  indandiones  [5-7].  In  the  case  of  the  2 -alkyl  derivatives  only  the  nitration  of  2 -ethylindandione  has  been 
studied  [8].  As  for  the  nitration  of  0  -aminovinylcarbonyl  compounds,  there  are  two  studies  by  Benary  [9,  10]  in  which 
the  author  introduced  nltro  groups  in  the  a -position  to  the  carbonyl  group  by  direct  nitration.  An  indirect  path  for 
preparing  a-nitro-  6 -aminovinylcarbonyl  or  related  compounds  has  been  little  described  [11,  12].  We  should  also 
mention  the  very  interesting  work  of  Haas  in  which  he  studied  the  action  of  oxides  of  nitrogen  on  3-amino-5,5- 
dImethyl-2-cyclohexen-l-one  [13]. 

On  nitration  of  the  imine  of  2 -phenyl-1,3 -indandione  in  ether  [1]  2 -nitro-2 -phenyllndandione  is  formed. 
However,  the  reaction  in  ether  does  not  go  smoothly  because  of  the  heterogeneity  of  the  medium;  therefore  nitra¬ 
tion  of  2 -methylindandione  and  its  imine  was  studied  in  a  medium  of  glacial  acetic  acid.  Since  the  expected  re¬ 
action  product,  2 -nltro-2 -methyl-1,3 -indandione,  had  not  yet  been  known,  we  first  nitrated  2-methyl-l,3-indan- 
dione  (!)• 

With  nitric  acid  (d  1.515)  the  reaction  occurs  with  considerable  warming  of  the  reaction  mixture  and  forma¬ 
tion  of  2 -nitro-2 -methylindandione  01)  which  resembles  in  its  properties  the  corresponding  2 -ethyl  analog  [8],  Its 
structure  was  shown  by  the  following  series  of  reactions. 
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We  determined  the  infrared  absorption  spectra  of  2 -nitro-2 -methyl-1,3 -indandione  (II),  o-carbomethoxy- 
a-nitropropiophenone  (IV)  and  some  other  substances  for  comparison  (Table  1).  The  absorption  spectra  confirm  the 
structures  of  compounds  (II)  and  (IV);  ester  (IV)  exists  in  the  keto  form.  The  maxima  for  the  ketone  and  ester  car¬ 
bonyl  groups  perhaps  overlap;  at  any  rate,  this  effect  also  occurs  for  compounds  with  a  known  open  structure,  o- 
caibethoxy-tu-nitroacetophenone  (see  Table).  Compounds  with  a  known  lactone  structure  have  a  carbonyl  band 
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TABLE  1.  Infrared  Absorption  Spectra* 


*  The  table  does  not  include  frequencies  of  symmetrical  oscillation  of  the  nitro  group 
since  in  this  region  there  is  so  much  equality  in  intensity  of  the  bands  that  their  identi¬ 
fication  is  difficult.  In  the  parentheses  we  give  the  percent  absorption.  The  infrared 
spectra  were  photographed  on  an  IKS-12  apparatus  with  a  NaCl  prism. 

•  •  2 -Nitro-2 -phenyl-1,3 -indandione. 

•  •  •  o-Carbethoxy- w-nitroacetophenone. 

*  *  *  *  Spectrum  of  the  dimer,  which  was  further  purified  by  boiling  with  alcohol.  Usually 
the  dimer  was  contaminated  with  small  admixtures  of  2-nitro-2-methylindandione  and 
then  showed  weak  absorption  in  the  region  1555  cm"\ 

*****  There  was  a  bend  on  the  descending  part  of  adjacent  bands. 

******  The  band  was  very  wide  and  irregular. 


at  a  much  higher  frequency  [14,  15].  The  problem  of  lacto-ketone  tautomerism  of  ester  (IV)  is  not  directly  connected 
with  our  subject,  and  therefore  we  have  not  considered  this  question  further  (cf.  [7]). 

The  nitration  of  2-methylindandione  occurred  in  a  very  interesting  way  in  the  cold,  using  nitric  acid  which 
contained  oxides  of  nitrogen  (d  1,578).  Here  there  famed  a  colorless  or  light  green  substance  which  did  not  dis¬ 
solve  in  the  usual  organic  solvents.  A  similar  substance  was  described  by  Zalukaev  [8]  but  he  did  not  study  it  closely. 
It  was  shown  that  it  was  formed  in  direct  nitroso  formation  in  2-methylindandione  by  oxides  of  nitrogen  in  glacial 
acetic  acid.  Evidently  in  the  case  of  nitric  acid  the  oxides  of  nitrogen  are  also  nitroso  fcwming  agents. 

We  then  succeeded  in  carrying  out  a  series  of  reactions  with  this  compound  which  confirmed  its  structure  as 
bis-2-nitroso-2 -methyl -1,3 -indandione  (V),  The  relation  of  compound  (V)  to  organic  solvents  and  the  absence  of 
color  favor  this  structure  for  the  dimer.  In  the  infrared  absorption  spectrum  (Table  1)  of  this  substance  there  are  no 
bands  of  a  tertiary  nitroso  group  which  are  usually  found  in  the  region  1500-1650  cm"^  [16,  17], 

Characteristically,  the  band  of  valence  oscillation  of  the  C=  N  group  is  also  absent  in  esters  (VI)  and  (VII), 

In  the  region  1650  cm  absorption  occurs  within  the  limits  of  error  of  the  experiment.  In  the  literature  there  is 
also  an  indication  that  in  a-dioximes  or  a-ketoximes  the  frequency  is  very  weak  [18,  19]  or  entirely  ab¬ 

sent  because  of  the  strong  intramolecular  hydrogen  bonds  [20]  [in  our  case,  the  region  3  li  in  esters  (VI)  and  (VII), 
Table  1),  Bis-2-nitroso-2-methyl-l,3-indandione  (V)  is  an  interesting  compound  from  the  theoretical  point  of 
view.  On  the  one  hand,  there  are  only  three  reports  in  the  literature  in  which  the  nitroso  formation  in  a -substituted 
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0  -dicarbonyl  compounds  gives  a  stable  intermediate  a-nitroso  derivative  in  the  form  of  a  dimer  [21,  22,  23],  On 
die  other  hand,  this  dimer  is  still  one  exception  to  the  rather  general  rule  that  tertiary  C-nitroso  compounds  are 
monomers  [23],  The  splitting  of  the  dimer  of  2 -nitroso-2 -methyl-1,3 -indandione  by  sodium  alcoholate  took  place 
according  to  the  general  scheme  (cf.  [21-24]).  Elimination  of  the  nitroso  group,  according  to  Keimatsu  [25],  occurs 
very  smoothly  in  propyl  alcohol. 


(DC) 


The  direction  of  the  nitration  reaction  of  the  imine  of  2 -methylindanone  (X)  depends  chiefly  on  the  reaction 
temperature  and  the  concentration  of  nitric  acid.  The  use  of  nitric  acid  (d  1,578)  and  the  carrying  out  of  the  re¬ 
action  in  a  mixture  of  acetic  and  propionic  acids  cooled  to  -5*  gave  at  least  three  products.  One  of  these  was  2,2*- 
dimethyl-bis-l,3-indandione  [26].  We  could  also  isolate  bis-2-nitroso-2-methyl-l,3-indandione  (V)  and  a  similar 
product  which  contained  one  nitro  groupon  two  residues  of  2-methylindandione  and  was  called  the  x-nitro  product. 
Also,  there  was  always  formed  a  considerable  amount  of  tar  which  contained  most  of  the  expected  2-nitro-2-methyl- 
indandione.  Nitration  of  the  imine  always  took  place  with  a  low  yield  of  nitrogen  containing  products  and  titeii 
separation  and  purification  was  difficult. 

In  the  compound  called  the  x-nitro  product  we  established  the  presence  of  at  least  three  ketone  carbonyl 
groups  (formation  of  a  trioxime),  one  aromatic  nitro  group  (reduction  with  zinc  dust  in  acetic  acid  and  reaction 
with  bindone).  Phthalic  acid  was  found  among  the  products  of  its  oxidation.  It  is  natural  to  assume  that  the  x- 
nitro  product  is  formed  in  the  nitration  of  the  intermediate  to  2,2* -dimethyl  bisindandione,  although  we  could  not 
carry  out  this  reaction  and  the  structure  of  this  by-product  remains  uncertain.  However,  the  nitration  of  2,2 -sub¬ 
stituted  indandiones  in  the  benzene  ring  was  previously  known  [27],  Thus,  Natanson  [28]  by  nitration  of  2-phenyl- 
indandione  in  the  cold  with  nitric  acid  obtained  a  dinitro  derivative  (see  also  [29]),  and  by  oxidation  with  oxides 
of  nitrogen,  2,2* -diphenyl  bisindandione. 

In  nitration  of  the  imine,  the  nitrogen  of  the  enamino  group  was  split  out  as  ammonia  (shown  by  quantitative 
isolation  of  ammonium  nitrate).  In  carrying  out  the  reaction  with  nitric  acid  (d  1.515),  a  large  amount  of  the  dimer 
2 -nitroso -2-methylindandione  and  less  x-nitro  product  were  formed,  and  sometimes  2,2* -dimethyl  bisindandione 
was  not  f(xmed  at  all.  On  the  other  hand,  addition  of  acetic  anhydride  to  the  nitrating  mixture  increased  the  yield 
of  the  x-nitro  product  and  lowered  the  yield  of  the  dimer.  On  carrying  out  the  nitration  with  nitric  acid  (d  1.515) 
at  higher  temperature  we  obtained  comparatively  more  2 -nitro -2-methylindandione.  It  follows  from  this  that 
nitration  of  the  imine  of  methylindandione  itself  leads  to  dimerization  of  the  molecule  with  latter  transformation. 
Along  with  dilution  of  the  nitric  acid  there  is  first  hydrolysis  of  the  imine  and  then,  according  to  the  conditions 
of  tfie  reaction  there  is  either  nitroso  formation  or  nitration  of  die  resulting  2-methylindandione  (I). 

EXPERIMENTAL 

2 -Mediyl-2“nitro-l,3 -indandione  (II).  To  a  solution  of  3  g  of  2 -methyl -1,3 -indandione  in  6  ml  of  glacial 
acetic  acid  cooled  to  room  temperature  was  added  in  portions  a  slightly  heated  mixture  of  1.6  ml  of  nitric  acid 
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(d  1.515)  and  1.6  ml  of  glacial  acetic  acid.  After  addition  of  all  the  nitrating  mixture  the  reaction  temperature 
of  the  flask  was  carefully  raised  to  70-75';  at  this  temperature  (sometimes  earlier)  an  energetic  reaction  began 
and  the  reaction  became  violent  and  evolved  oxides  of  nitrogen.  After  cooling,  we  added  20  ml  of  water  and  after 
0.5  hours  filtered  off  the  crystals  whidi  precipitated.  Yield  1.72  g  (44.8%).  After  two  crystallizations  from  alcohol, 
colorless  needles  with  m.p.  87'  (sinters  at  83').  The  substance  was  cpiite  soluble  in  the  usual  organic  solvents. 

Found  %:  N  7.13.  CioHt04N.  Calculated  %:  N  6.83. 

Bis-2-nitroso-2 -methyl-1, 3-indandione  (V).  A)  Five  g  of  methylindandione  was  suspended  in  20  ml  of  glacial 
acetic  acid.  The  mixture  was  cooled  with  ice  and  salt  and  treated  with  10  ml  of  a  previously  cooled  mixture  of  4  ml 
of  nitric  acid  (d  1.578)  and  6  ml  of  glacial  acetic  acid.  After  2.5  hours,  20  ml  of  water  was  added  and  after  one 
hour  more  the  precipitate  was  filtered  off.  The  light  green  precipitate  of  dimer  (V)  was  washed  with  alcohol.  The 
filtrate  was  poured  into  water,  the  precipitate  was  filtered  off  and  mixed  with  several  milliliters  of  warm  alcohol, 
after  which  some  quantity  more  of  the  dimer  was  filtered  off.  The  filtrate  contained  2 -nitro-2 -methylindandione 
01).  Yield  of  dimer  2.64  g.  It  was  practically  insoluble  in  organic  solvents,  except  boiling  propyl  alcohol.  When 
heated  in  butyl  and  amyl  alcohols,  decalin,  glycol,  dimethyl  formamide,  and  nitromethane,  the  substance  dissolved 
with  decomposition  and  evolution  of  oxides  of  nitrogen.  In  acetic  acid  with  potassium  bichromate  it  was  oxidized  to 
phthalic  acid. 

B)  Five  g  of  methylindandione  was  suspended  in  20  ml  of  glacial  acetic  acid  and  dry  oxides  of  nitrogen  were 
passed  tlirough  the  mixture  for  40  minutes.  The  mixture  was  poured  into  100  ml  of  water  and  on  the  next  day  the 
precipitate  was  separated.  The  substance  was  boiled  in  alcohol,  filtered,  and  washed  with  alcohol.  Yield  1.78  g. 
fYom  the  filtrate  we  could  regenerate  1.52  g  of  unreacted  methylindandione. 

C)  We  suspended  8.6  g  of  sodium  nitrite  in  20  ml  of  acetic  acid  and  the  resulting  thick  paste  was  added 
directly  to  a  cooled  solution  of  10  g  of  methylindandione  in  30  ml  of  glacial  acetic  acid.  A  clear  emerald  green 
color  appeared  (monomer  of  the  nitroso  compound)  and  quickly  vanished;  the  dimer  of  2-nitroso-2-methylindan- 
dione  precipitated.  The  mixture  was  cooled  with  running  water  for  15  minutes,  then  treated  with  50  ml  of  water 
and  separated  as  described  above  to  give  10.6  g  (90%)  of  the  dimer  in  the  form  of  an  almost  colorless  microcrystal- 
linc  powder,  m.p.  145-146°. 

Found  %:  N  7.34.  C20H1AN2.  Calculated  %:  N  7.40. 

Splitting  of  the  nitroso  group.  We  suspended  0.3  g  of  dimer  (V)  in  10  ml  of  propyl  alcohol  and  added  1  g  of 
stannous  chloride.  Dry  hydrogen  chloride  was  passed  through  the  mixture  until  it  bubbled  out.  Then  the  mixture 
was  refluxed  for  two  hours  more.  It  was  poured  into  water  which  was  made  alkaline  and  extracted  with  ether.  The 
water  layer  was  acidified  and  extracted  with  ether;  the  ether  layer  was  dried  and  evaporated  to  dryness.  The  oil 
which  remained  crystallized  when  a  drop  of  water  was  added.  Yield  0.14  g.  After  crystallization  from  alcohol, 
m.p.  85',  giving  no  melting  point  depression  with  known  2-methyl-l,3-indandione. 

Methyl  ester  of  o -(a -isonitrosopropiophenone) -carboxylic  acid  (VI).  We  suspended  11.9  g  of  dimer  (V)  in 
70  ml  of  methyl  alcohol  and  added  48  ml  of  ^^solution  of  sodium  methylate.  We  warmed  slightly  to  full  so¬ 
lution  of  the  substance.  The  darkorange  solution  was  filtered  and  concentrated  hydrochloric  acid  added  to  pi  I  1-2.  The 
mixture  was  quickly  cooled  and  40  ml  of  water  was  added.  A  colorless,  crystalline  substance  precipitated  from  the 
yellow  solution.  After  0.5  hr  we  added  60  ml  more  of  water  and  allowed  the  mixture  to  stand  in  the  cold  for  one 
hour.  Yield  8,1  g  (58.2%).  It  was  crystallized  three  times  from  water  and  dried  in  a  vacuum.  Colorless  plates, 
m.p.  159.5-160.5'. 

Found  %:  N  6.25.  CuHu04N.  Calculated  %:  N  6.33. 

Ethyl  ester  of  o-(a-isonitrosopropiophenone)-carboxylic  acid  (VII).  We  suspended  1.5  g  of  dimer  in  6  ml  of 
3%  sodium  ethylate  solution.  The  mixture  was  carefully  heated  to  40-45'  (not  above).  After  20  minutes  we  added 
3  ml  more  of  sodium  ethylate  solution.  A  dark  brown  solution  formed.  It  was  filtered  and  the  filtrate  was  acidified 
with  concentrated  hydrochloric  acid  to  pH  1-2  and  20  ml  of  water  was  added.  On  the  next  day  it  was  filtered. 

Yield  0.71  g  (40%).  Colorless  platelets  with  m.p.  105.5-107,5'  (twice  crystallized  from  dilute  alcohol  with  ac¬ 
tivated  charcoal). 

Found  %:  N  6.15.  C2HCO4N,  Calculated  %:  N  5.96. 

Both  esters  (VI)  and  (VII)  were  easily  soluble  in  the  usual  organic  solvents  and  in  sodium  hydroxide;  in¬ 
soluble  in  solutions  of  sodium  bicarbonate. 
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action  could  best  be  identified  in  two  different  experiments. 


A)  Crude  o-carbomethoxy-a-nitropiophenone  was  distilled  at  ordinary  pressure.  At  first  several  drops  of 
liquid  (which  contained  nitroethane)  came  over;  then  at  higher  temperature  a  substance  distilled  which  crystallized 
in  the  receiver.  After  crystallization  from  water,  m.p.  197-198°, two  sublimations  gave  needles  with  m,p.  129-130° 
which  gave  no  melting  point  depression  in  a  mixture  with  phthalic  anhydride. 
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TABL£  2.  Nitration  of  tjie  Imine  of  Methylindandione 
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sign  means  that  substance  (II)  was  isolated  as  the  sodium  salt  of  ester  (IV),  In  the  last  experiment  but  one,  also,  pi 


B)  We  dissolved  7,85  g  of  the  sodium  salt  of  ester  (111)  in  20  ml  of  water  and  added  1.34  g  (1  :  1.05)  of 
sodium  hydroxide.  Then  in  a  small  distilling  apparatus  we  distilled  10  ml  of  liquid,  added  10  ml  of  water  to  the 
distilling  flask,  and  distilled  off  10  ml  more  of  liquid.  Finally  we  added  several  granules  of  sodium  hydroxide  to  the 
distilling  flask  and  10  ml  of  water  and  again  distilled  off  the  water.  The  oily  layer  was  separated,  the 
distillate  extracted  with  ether,  the  edier  layer  was  combined  with  the  oily  part  of  the  distillate  and  was  dried  over 
sodium  sulfate.  The  ether  was  evaporated  off  and  the  residue  twice  distilled,  collecting  the  fraction  with  b.p.  114- 
116’,  1.4035. 

Found N  18.05.  CjUjC^N.  Calculated  *70:  N  18.67. 

Literature  data  for  nitroethane;  b.p.  114*  [30];  n^  1.3920  [31]. 

The  preparation  which  we  isolated  contained  a  few  impurities.  Because  of  the  great  loss  of  substance,  further 
purification  of  the  nitroethane  was  not  expedient.  None  the  less,  the  preparation  gave  a  positive  nitro  group  reac¬ 
tion  and  tile  Nef  reaction  with  mercuric  chloride  [32].  Niaoethane  was  identified  as  the  complex  with  mercuric 
chloride  which  usually  precipitated  in  pure  form. 

Found  N  4.44.  C^HgO^N  •  HgCl.  Calculated  *70:  N  4.52. 

Nittatlon  of  the  imine  of  2 -methyl-1,3 -indandione  (typical  experiment;  reaction  conditions  give  in  Table  2). 
We  dissolved  1.5  g  of  imine  in  6  ml  of  a  mixture  of  propionic  and  glacial  acetic  acids  (2  ;  3),  To  the  solution  we 
added  3.4  ml  of  a  mixture  of  nittic  and  glacial  acetic  acids  (1  : 1),  which  had  first  been  blown  through  with  air  to 
remove  oxides  of  nitrogen.  At  the  end  of  the  reaction  the  mixture  was  cooled,  if  this  was  needed,  to  room  temper¬ 
ature,  and  poured  into  100  ml  of  water.  After  several  hours  it  was  filtered  or  the  liquid  was  decanted  from  the  nitro 
product  (the  water  phase  still  deposited  a  substance,  which  after  a  day  was  filtered  off  and  combined  with  the  main 
mass  of  nitro  product).  The  dried  substance  was  shaken  and  boiled  with  about  20-30  ml  of  ether  and  was  filtered. 
Filtrate  A,  precipitate  B.  Filtrate  A  was  evaporated  and  left  an  oil  which  was  recrystallized  from  alcohol.  Depen¬ 
ding  on  the  conditions,  there  precipitated  substance  (II),  dimethylbisindandione  (DB),  or  a  by-product  which  did  not 
contain  nitrogen  and  was  not  studied  in  detail.  From  the  mother  liquor  after  addition  of  a  solution  of  sodium  methyl¬ 
ate  there  gradually  precipitated  the  sodium  salt  of  o-carbomethoxy-  a-nitropropiophenone.  The  yield  of  this  salt 
was  highest  on  nitration  at  room  temperature  (last  experiment  in  Table  2), 

Precipitate  B  was  suspended  in  about  5  ml  of  warm  dioxane  and  filtered.  The  precipitate  was  bis-2-nitroso- 
2-methyllndandione  (V).  A  double  volume  of  a  mixture  of  ether  and  ligroin  (1  : 1)  was  added  to  the  filtrate.  On 
the  next  day  crystalline  x-nitro  product  (XN)  had  separated,  m.p.  178°  (twice  from  benzene).  The  substance 
dissolved  well  in  alcohol,  dioxane,  and  acetic  acid,  poorly  in  ether  and  ligroin.  After  boiling  in  acetic  acid  witli 
zinc  dust  the  solution  gave  a  positive  reaction  for  the  amino  group  with  bindone. 

Found  1o:  N  3.57.  CioHisOgN.  Calculated  *70:  N  3.86. 

Oxime  formation  of  the  x-nitro  product.  We  boiled  0.18  g  of  (XN)  in  7  ml  of  alcohol  with  1.1  g  of  hydroxyl- 
amine  hydrochloride  and  1.42  g  of  anhydrous  sodium  acetate  for  three  hours.  On  the  next  day  the  mixture  was 
poured  into  water,  extracted  with  ether,  and  the  ether  evaporated  off.  Yield  0,14  g.  The  substance  was  dissolved 
in  the  minimum  amount  of  absolute  ether,  drops  of  alcohol  and  ligroin  were  added  to  the  appearance  of  cloudiness, 
and  after  several  days  a  small  amount  of  colorless  substance  precipitated.  It  was  separated  and  washed  with  ligroin 
to  which  some  ether  had  been  added.  M.p.  220-221°  (sintered  at  210°). 

Found  “/o;  N  13.55.  GjoHjgOsN^.  Calculated ‘7o :  N  13.76. 

SUMMARY 

1.  We  have  carried  out  the  reaction  of  nitration  of  2 -methylindandione  and  obtained  the  undescribed  2-nitro- 
2-methyl-l,3 -indandione. 

2,  We  have  obtained  the  dimer  of  2-nitroso-2-methyl-l,3-indandione  and  have  split  the  five  membered  ring 
of  this  compound. 

3,  We  have  shown  that  tiie  imine  of  2 -methylindandione  is  either  oxidized  by  the  process  ot  undergoes  a  two 
step  reaction  with  hydrolysis  of  the  imine  molecule  and  later  reaction  of  the  nitrating  mixture  on  2 -methyl-1,3 - 
indandione. 

4.  The  structure  of  the  resulting  compounds  was  confirmed  by  the  infrared  absorption  spectra. 
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Previously  [1]  we  measured  the  rate  of  exchange  of  hydrogen  atoms  of  methyl  radicals  in  a  series  of  nitrogen - 
containing  heterocyclic  compounds  and  their  quaternary  salts  for  deuterium  from  CH3OD  in  the  presence  of  triethyl- 
amine,  and  obtained  results  which  were  compared  with  the  tendency  of  the  heterocyclic  compounds  to  undergo  con¬ 
densation  reaction. 

In  the  present  work  the  series  of  substances  studied  is  supplemented  by  picoline  and  lepidine,  and  we  have  also 
studied  the  exchange  for  dimethyl  glyoxime,  copper  and  nickel  dioximines,  acetamidine  hydrochloride,  and  N,N*- 
diphenylacetamidine.  These  substances  contain  the  same  groupings  of  atoms  as  in  the  methyl  derivatives  of  the 

„.„ose„-co„tai„.„g  hete^ocycuc  compound,  c  d.e.  -  N=  C-CH,  and  C-CH,. 

It  is  of  interest  to  compare  their  behavior  in  exchange  reactions.  We  also  studied  the  exchange  of  four  cyclic 
ketones  which  have  methylene  groups  active  in  condensation  reactions. 

In  the  figure,  the  results  for  a-  and  y -picoline,  lepidine,  and  1-indanone  are  given  as  the  relation  of  size 
of  -ln(l-Z)  and  time^,  where  Z  is  the  amount  of  exchange  calculated  on  three  or  two  exchanging  atoms  of  hydrogen 
in  the  methyl  or  methylene  residue.  The  points  lie  satisfactorily  on  a  straight  line  which  agrees  with  the  reaction 
kinetics  of  the  first  order.  From  the  slope  of  these  lines  we  find  die  average  value  of  the  rate  constant  of  the  ex¬ 
change.  The  table  gives  a  summary  of  the  results  and  also  a  comparison  of  the  observed  rate  constants  with  the 
rate  of  exchange  of  other  methyl  derivatives  of  nitrogen -containing  heterocyclic  compounds  taken  from  the  previous 
paper  [I].* 


Kinetics  of  exchange  in  methyl  or  methylene  residues.  1)  a-picoline, 
180*;  2)  y -picoline,  180°;  3)  lepidine,  150°;  4)  indanone,  150°. 


*  The  values  for  the  rate  constant  of  a-picoline  were  made  more  accurate  in  the  present  work. 


1836 


Compound 

Temp. 
exchange 
(time  of 
exchange) 

Rate  con- 
stant(sec"* 

•  10*) 

Percent 

exchange 

Basicity  of 
substance 

1  1 

I  1  f.u 

180° 

0.63 

— 

5.97  (2| 

CH. 

1 

180 

1.0 

— 

6.02  (2) 

/W 

D  1 

H  1 

1  1  J>C-CH, 

180 

2.1 

- 

- 

1  II  ^C-CH, 

'X/Xn^ 

180 

5.0 

- 

- 

CH, 

1 

150 

0.96 

— 

5.2  (3) 

1  II  1 

1 

1  II  ' 

/X/\ 

1  II  1 

! 

U\  j-“- 

150 

3.8 

— 

5.42  |3| 

O.N-0s,)'-“- 

130 

2.9 

- 

4.3  I^I 

rY”VcH. 

130 

3.6 

— 

5.7  |4| 

CH, 

70 

5.2 

— 

5.7  fr.) 

fYY) 

fS 

18  (8  min ) 

— 

43 

— 

CH,  I  ■ 

1 1  Y'=-<="- 

'V\s^^ 

18(8  min  ) 

- 

72 

- 

1 

CH.  I 

1837 


Compound 
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A  comparison  of  the  results  for  a-  and  y-picoline,  quinaldine,  and  lepidine  confirms  the  idea  which  we  ex¬ 
pressed  previously  that  in  compounds  with  similar  structures  the  rate  of  exchange  is  greater,  the  basicity  Is  higher, 
and  confirms  the  fact  that  exchange  occurs  in  complex  forms: 

I 

-N=G-Cll3 

liO-CUn, 

the  formation  of  which  is  favored  by  increase  in  basicity  of  the  heterocyclic  compound.  The  tendency  to  condensa¬ 
tion  in  these  substances  parallels  the  rate  of  exchange:  it  is  greater  in  y  -picoline  than  in  a-picoline  [6]  and  in 
quinaldine  than  in  lipidine  [7]. 

The  absence  of  exdiange  in  acetamidine  hydrochloride  and  the  slowness  of  the  exchange  in  its  N,N'  -diphenyl 
derivative  even  at  100*  In  comparison  with  the  results  in  the  table  for  quaternary  salts  showsTthat  tiiere  is  present 
in  the  molecule  only  one  group  of  atoms 


with  o  *  IT  conjugation  insufficient  for  rapid  exchange.  For  this  it  is  evidently  necessary  that  the  methyl  group  adjoin 
the  aromatic  system,  and  that  the  a  -  it  conjugation  can  include  in  the  system  it  -conjugation  in  the  aromatic  ring. 
The  greater  ease  of  exchange  of  salts  of  diphenylacetamidine  compared  to  salts  of  acetamidine  agrees  witli  dils 
suggestion.  However,  it  does  not  explain  the  sharp  slowing  in  exchange  on  going  from  quaternary  salts  to  salts  of 
N,N' -diphenylacetamidine.  Some  slowing  could  be  caused  by  the  reaction 

-NIIC0M5  Cl  .NCoIlr, 

CII3-C-  1-  (C,ll5);,N  CII3-C.  1-  (ColIsjaN  .  MCI 

^NI1C„M.-,  ^NIIC,illr, 

This  leads  to  disappearance  from  the  system  of  triethylamine  (pK^  10.76  [8])  and  its  replac<*ment  by  the 
weaker  base,  diphenylamidine  (pK^  8.3  [9]),  which  catalyzes  the  exchange  more  weakly.  However,  it  is  difficult 
to  assume  that  this  replacement  changes  the  rate  by  very  much,  and  the  reason  for  the  slowing  remains  uncertain. 

The  results  show  the  incorrectness  of  out  previous  idea  [1]  that  all  compounds  with  the  grouping  of  atoms 

-X=  i:-(|:-H  should  easily  exchange  dieir  hydrogens,  especially  in  an  alkaline  medium.  This  rule  is  not  of  general 

significance.  Its  applicability  to  the  treatment  of  exchange  in  ketones  and  carboxylic  acids  [1]  also  requires  correc¬ 
tion. 

According  to  the  literature  [10]  dimethylglyoxime  exchanges  with  heavy  water  even  at  room  temperature.  tXir 
results  show,  however,  that  dimethylglyoxime  does  not  exchange  its  hydrogen  even  at  150“  and  alkaline  catalysis.* 
Tills  observation  shows  once  more  in  the  case  of  dimethylglyoxime  the  absence  of  tautomerism  of  ketoximes, 

CII3— C— II  ^  (:iI.,.-C-ll 

li  I 

NOH  ll-N-Oil 

shown  previously  for  acetoxime  [11],  since  such  tautomerism,  the  existence  of  which  was  suggested  by  Raicova  [12], 
would  lead  to  exchange. 

In  the  metal  dioximines  there  is  a  grouping  of  atoms  of  type  (1),  since  these  substances,as  shown  in  the  case  of 
nickel  dioximine  [13],  have  the  structure; 


CH3 
O 

Nil 

o- 

cn3 

In  the  dioximine  molecules  the  atoms  of  nitrogen  are  equivalent  and  the  hydrogen  bonds  are  symmetrical. 
Therefore  we  could  expect  that  they  would  exchange  methyl  hydrogen  more  easily  than  does  dimethylglyoxinie. 

This  idea  is  confirmed  for  copper  dioximine  which  at  150“  exchanges  with  marked  speed,  in  spite  of  the  hetero¬ 
geneity  of  the  system.  Nickel  dioximine  under  these  conditions  does  not  exchange  completely  even  the  hydrogen 
from  the  OH  group.  These  results  can  be  explained  by  the  slight  solubility  of  the  substance  in  alcohol  and  the  un¬ 
availability  of  its  inner  layer  of  crystals  for  the  alcohol. 

Our  results  on  hydrogen  exchange  of  cyclic  ketones  are  of  interest  in  connection  with  the  characteristic  ability 
of  their  hydrogens  for  ionization.  These  results  are  not  sufficient  to  judge  the  connection  of  exchange  with  tendency 
for  the  condensation  reaction. 


CH;,- 

0-. 


C  - 


IK 
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CH,_l 


N+  N*-- 

yrNi\ 

N+  N*- 


-C  — 


EXPERIMENTAL 

Method  of  exchange  experiments.  The  exchange  of  y-picoline,  lepidine,  N,N’ -diphenylamidine  hydrochloride, 
and  copper  and  nickel  dioximines  was  studied  at  the  same  ratios  of  substance,  alcohol,  and  triethylamine,  equal  to 


*  The  error  in  the  work  [10]  is  evidently  explained  by  the  fact  that  it  was  not  the  substance  which  was  analyzed, 
but  the  water  from  the  exchange,  the  isotopic  concentration  of  which  was  little  changed. 
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0.007  :  0.03  :  0.0001  mole,  as  previously  [1].  The  system  was  homogeneous,  except  in  the  experiments  with  the 
metal  dioximines.  In  the  experiments  widi  acetamidine  hydrochloride  and  dimethylglyoxime  the  concentration 
of  catalyst  in  the  alcohol  was  ten  times  greater.  The  cyclic  ketones  were  studied  in  the  absence  of  triethylamine. 

The  exchange  substances  were  kept  for  determined  periods  at  a  given  temperature  in  the  mixture  of  alcohol  and 
catalyst  or  widi  the  alcohol  alone  in  sealed  glass  ampules.* 

Alcohol  and  catalyst  were  then  distilled  off  at  room  temperature,  and  in  the  case  of  the  diketones  at  0*. 

The  substance  after  the  exchange  was  sublimed  or  distilled  in  a  vacuum.  Such  purification  was  impossible  for  fite 
dioximines  and  amidine  salts,  and  these  substances  were  analyzed  for  their  deuterium  content  without  purification 
after  drying  in  a  vacuum  over  sulfuric  acid.  After  the  experiment  the  amidine  salts  were  not  entirely  pure;  the 
melting  point  of  acetamidine  hydrochloride  was  140-163*  and  of  its  diphenyl  derivative,  208-213*.  The  dioximines 
seemed  unchanged  in  their  appearance  under  the  microscope.  All  the  remaining  substances  after  purification  had 
constants  which  agreed  well  with  the  literature  data. 

Isotope  analysis.  The  substances  after  exchange  were  burned  in  a  tube  over  copper  oxide  in  a  stream  of  dry 
air.  The  resulting  water  was  made  alkaline  with  metallic  sodium  and  analyzed  fcx  the  deuterium  content  by  the 
flotation  or  microflotation  [14]  method  with  an  accuracy  of 

SUMMARY 

1.  We  have  studied  the  exchange  of  hydrogen  between  a-  and  y-picolines,  lepidine,  dimethylglyoxime, 
copper  and  nickel  dioximines,  and  several  salts  of  amidines  and  cyclic  ketones. 

2.  In  the  a-  and  y-picolines,  quinaldine,  and  lipidine,  with  similar  structures,  the  rate  of  exchange  of 
hydrogen  in  the  methyl  group  increases  in  parallel  with  the  basicity  which  confirms  the  suggestion  of  the  occur¬ 
rence  of  exchange  in  complexes  with  hydrogen  bonds  between  the  nitrogen  atom  and  the  hydroxyl  of  the  alcohol. 

It  was  found  that  the  idea  of  rapid  exchange  of  hydrogen  in  groupings  of  the  type  “X~  u  ~H  was  not  of  general 

significance.  ^ 

3.  The  absence  of  exchange  of  the  hydrogen  of  dimethylglyoxime  with  CHjOD  refuted  the  idea  of  its  tauto¬ 
mer  ism. 
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•in  the  experiments  without  catalyst  the  ampules  of  Jena  glass  were  first  boiled  with  20%  hydrochloric  acid  to  re¬ 
move  easily  leached  out  constituents  of  the  glass. 
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The  action  of  sodium  salts  of  chloramides  of  aryl  sulfonic  acids  on  organic  compounds  of  bivalent  sulfur 
forms  derivatives  of  quadrivalent  sulfur,  the  molecule  of  which  contains  a  double  nitrogen— sulfur  bond.  Organic 
sulfides  give  N -arylsulfonyliminosulfoxides  [1],  and  sulfenamides  give  amides  of  N -arylsulfonyliminosulfinic acids P], 

ArSO^NNaCl  f  SR 2  — ►  NaCI  f-  ArS02N=SR2 
ArSOaNNaCl  j  RSNRj'  — >  NaCl  -f  ArS02N=S(NR2')R 

Disulfides  [3]  and  mercaptans  [4],  and  esters  of  xanthic,  dithiocarbonic  [5],  and  thiocarboxylic  [4]  acids 
react  with  sodium  salts  of  chloramides  of  aryl  sulfonic  acids  in  a  somewhat  more  complicated  fashion -with  die 
formation  of  arylsulfonylamides  of  N-arylsulfonyliminosulfinic  acids,  for  example: 


SArSOaNNaCl  +  RSSR  — >  3NaCl  +  ArS02NCl2  + 


+  2RS 


^NNaS02Ar 

'^NS02Ar 


+211+* 


2RS 


NllSOaAr 

NS02Ar. 


Organic  compounds  of  quadrivalent  sulfur,  if  their  molecule  does  not  ctxttain  a  double  nitrogen  -sulfur 
bond,  react  with  the  sodium  salts  of  chloramides  of  aryl  sulfonic  acids  in  a  similar  manner,  with  the  formation  of 
derivatives  of  sexivalent  sulfur.  Aryl  sulfinyl  chlorides  give  N-arylsulfonyliminosulfonyl  chlorides  [6], 

0 

II 

ArSO.,NNa(;i -1-  RSOCI  ^  ArS02N=S— R 

I 

Cl 


From  these  results  the  following  general  rule  can  be  derived:  when  sodium  salts  of  chloramides  of  aryl  sul¬ 
fonic  acids  act  on  organic  derivatives  of  sulfur  of  the  lower  valencies,  compounds  of  the  next  valency  of  sulfur, 
the  molecules  of  which  contain  a  nitrogen -sulfur  double  bond  are  formed;  but  if  a  double  nitrogen -sulfur  bond 
is  already  present  in  the  molecule,  further  addition  of  the  —  NS02Ar  residue  does  not  take  place.  It  was  of  interest 
to  ascertain  whetlier  this  rule  held  good  for  inorganic  compounds  of  low -valency  sulfur— in  particular,  for  sulfur 
dichloride-,  the  more  so  because  it  was  possible  to  hope  to  obtain  in  this  way  N -arylsulfonyliminothionyl  chlorides, 
which  represent  one  of  the  types  of  iminothionyl  halide  derivatives. 

Iminothionyl  halide  derivatives  have  been  little  studied.  Michaelis  put  forward  the  hypothesis  that  the  action 
of  phosphorus  pentachloride  on  thionylaniline  led  to  the  formation  of  N-phenyliminothionyl  chloride,  but  he  did 
not  isolate  it  in  a  stage  of  purity  [7], 


CollsNSO  +  PClj  — >  I’OCl3-f  C6H5N=^SCl2 

By  the  action  of  silver  difluoride  on  a  mixture  of  SNF  and  SN2F2,  Glemser  and  SchrOder  obtained  N-fluoro- 
iminothionyl  fluoride  FN=  SF2  [8],  Smith  et  al.  [9]  obtained  a  series  of  iminotliionyl  fluorides  of  the  type  RN=  SF2, 
where  R  =  Cells,  CF3,  C6H5CF2,  and  CH2CF2,  and  a  substance  F2S=  N-CF2CF2N=  SF2  by  the  action  of  sulfur  tetra- 
fluoride  on  compounds  containing  a  multiple  bond  between  nitrogen  and  carbon,  for  example 
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N-Arylsulfonylimlnothionyl  Chlorides  RSO^N=  SClj 


CbIIsNCO  — ^  C,Hr,N=SF2 
CelisCN  — ^  Cfln5CF2N=SF2. 

Thus,  at  the  present  time  not  one  iminothionyl  chloride  derivative  has  become  known. 

We  have  found,  that,  by  the  action  of  sodium  salts  of  aryl  sulfonyl  chlorides  on  sulfur  dichloride,  N-aryl- 
sulfonyliminothionyl  chlorides  (N-arylsulfonyliminosulfurous  acid  dichlorides)  are  formed, 

ArSO^NNaCl  +  SCU  — ♦  NaCl  ]-  ArSOjNrr^SCI?, 

that  are  colorless  (except  for  the  yellow  naphthalene  derivatives)  crystalline  low-melting  substances  (table),  readily 
soluble  in  benzene,  chloroform,  and  dichloroethane,  sparingly  soluble  in  ether  and  carbon  tetradiloride,  and  almost 
insoluble  in  petroleum  ether  and  n -hexane.  The  N-arylsulfonyliminothionyl  chlorides  are  very  readily  hydrolyzed 
by  moist  air;  the  action  of  water  leads  to  their  transformation  into  aryl  sulfonamides,  sulfur  dioxide,  and  hydrogen 
chloride  in  almost  quantitative  yields: 

ArSO.,N=SCl2  >211.0  —  SOg  }  21101  1  ArSO.NII., 

which,  in  combination  with  the  analytical  data  and  the  method  of  preparation,  demonstrates  their  structure  with 
satisfactory  rigidity. 

EXPERIMENTAL 

N-Arylsulfonyliminothionyl  chlorides  (table).  To  a  solution  of  0.05  g  mole  of  sulfur  dichloride  in  100  ml 
benzene,  0.05  g  mole  of  the  finely -ground  carefully -dried  sodium  salt  of  an  aryl  sulfonic  acid  chloramide  was 
added  slowly  in  small  portions  with  vigorous  stirring.  Evolution  of  heat  and  the  deposition  of  a  precipitate  of  sodium 
chloride  took  place.  After  some  hours,  the  sodium  chloride  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuo 
at  20-30“.  The  N-arylsulfonyliminothionyl  chlorides  were  present  in  the  residue  in  the  form  of  oily  liquids,  which 
soon  crystallized.  The  derivative  of  p-benzenedisulfonic  acid  precipitated  from  the  solution  in  the  crystalline  state 
as  the  benzene  was  distilled  off.  For  purification,  the  substances  were  recrystallized  from  suitable  solvents. 

Hydrolysis  of  N -arylsulfonyliminoihionyl  chlorides.  A  mixture  of  0.01  g  mole  of  the  N-arylsulfonylimino¬ 
thionyl  chloride  and  10-15  ml  of  water  was  heated  for  several  minutes.  After  cooling,  the  aryl  sulfonamide  which 
separated  was  filtered  off,  washed  with  water,  and  dried.  The  yields  were  almost  quantitative  and  identification 
was  effected  by  mixed  melting  point  tests  with  substances  of  known  structure. 

Determination  of  hydrolyzable  sulfur  (table).  A  sample  of  a  N-arylsulfonyliminothionyl  chloride  (0.1-0.2  g) 
was  added  to  20-25  ml  of  a  saturated  solution  of  sodium  bicarbonate,  the  mixture  was  stirred  for  several  minutes, 

20  ml  of  a  0.1  N  solution  of  iodine  was  added,  and,  after  some  time,  the  excess  of  iodine  was  titrated  with  0.1  N 
thiosulfate 

SUMMARY 

The  action  of  the  sodium  salts  of  chloramides  of  aryl  sulfonic  acids  on  sulfur  dichloride  leads  to  the  fcMma- 
tion  of  N-arylsulfonyliminothionyl  chlorides. 
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In  the  proceeding  paper  [1]  it  was  shown  that  the  chlorides  of  benzene  and  toluene  sulfinic  adds  react  readily 
with  the  sodium  salts  of  chloramides  of  aryl  sulfonic  acids  with  the  formation  of  N-arylsulfbnylaryllminosulfonyl 
chlorides. 


XC9H4SOCI  f- NaClNS02C6H4Y  — >  NaCl  XCeH4S0(Cl)=NS02CeH4Y 

/ 

With  the  object  of  studying  further  the  derivatives  of  the  iminosulfonic  acids,  the  reaction  of  the  sodium 
salts  of  the  chloramides  of  aryl  sulfonic  acids  with  aryl  sulfonyl  chlorides  containing  various  substituents  in  the 
aromatic  rings  (X  =  o-Cl^,  P-CH3,  p-Cl,  p-BR,  o-,  m-,  and  p-NC^;  Y  =  H,  0-CH3,  o-,  m-,  and  p-NO^). 

The  N-arylsulfonylaryliminosulfonyl  chlorides  (Table  1)  form  crystalline  substances  (except  for  the  liquid  11), 
which  are  readily  soluble  in  benzene  and  dichloroethane,  sparingly  soluble  in  ether,  ethanol,  methanol,  and  carbon 
tetrachloride,  and  insoluble  in  petroleum  ether  and  n -hexane.  They  are  hydrolyzed  quite  slowly  by  water,  and, 
with  careful  and  not  prolonged  heating,  may  be  recrystallized  from  methyl  or  ethyl  alcohol. 

In  studying  the  hydrolysis  of  the  N-arylsulfonylaryliminosulfonyl  chlorides,  it  was  shown  that  the  nature  of 
the  substituent  Y  (X  =  H)  does  not  affect  the  velocity  of  the  reaction  [1], 

In  order  to  examine  the  influence  of  the  nature  of  the  substituent  X,  the  hydrolysis  of  the  N -arylsulfonyl- 
aryliminosulfonyl  chlorides  was  studied  in  aqueous -acetonic  solution  at  50°,  It  was  found  that,  in  an  acid  medium, 
the  hydrolysis  is  a  first -(xder  reaction  (figure.  Table  2). 

As  can  be  seen  from  the  data  of  the  table,  a  slight  increase  in  the  velocity  of  hydrolysis  is  found  only  for 
chlorides  containing  strong  electropositive  or  electronegative  substituents  (CH3O,  NQ^)  in  the  molecule.  The  other 
substituents  exert  no  appreciable  influence  on  the  velocity  of  hydrolysis.  Thus,  in  contrast  to  aryl  sulfonyl  chlorides 
[2],  the  nature  of  the  substituent  X  has  almost  no  affect  on  the  velocity  of  the  hydrolysis  of  N-arylsulfonylaryl- 
iminosulfonyl  chlorides. 

In  order  to  obtain  die  N -arylsulfonylaryliminosulfonyl  chlorides,  a  number  of  aryl  sulfinyl  chlorides  unreported 
in  the  literature  was  synthesized  (Table  3).  They  form  colorless  liquids  or  low-melting  crystalline  substances  which 
are  very  readily  hydrolyzed  by  moist  air,  and  are  readily  soluble  in  benzene  and  ether,  sparingly  soluble  in  methyl¬ 
ene  chloride  and  carbon  tetrachloride,  and  Insoluble  in  n -hexane  and  petroleum  ether.  The  above -described  re¬ 
action  with  the  sodium  salts  of  aryl  sulfonic  acids  is  convenient  for  their  identification.  The  N -arylsulfonyl¬ 
aryliminosulfonyl  chlcnrides  thereby  obtained  are  readily  purified,  are  considerably  more  resistant  to  hydrolysis,  and 
may  readily  be  converted  almost  quantitatively  into  comparatively  high-melting  highly  crystalline  derivatives,  for 
example  the  phenylamides  of  the  N  -arylsulfonylaryliminosulfonic  acids. 

EXPERIMENTAL 

N-Arylsulfonylarfliminosulfonyl  chlorides  (Table  1),  To  a  solution  of  0.05  g  mole  of  an  aryl  sulfinyl  chloride 
in  80  ml  of  anhydrous  benzene  was  added  0.052  g  mole  of  the  anhydrous  sodium  salt  of  an  aryl  sulfonic  acid  chlor- 
amlde  [63.  In  the  majority  of  cases,  the  reaction  began  at  room  temperature  and  proceeded  with  the  evolution  of 
heat.  The  sodium  salts  of  the  chlcvamides  of  o-  and  p -nitrobenzene  sulfonic  acids  did  not  react  at  room  temper¬ 
ature.  In  all  cases,  in  order  to  complete  the  reaction,  the  mixture  was  boiled  for  1.5  hours  under  reflux.  The 
sodium  chloride  was  filtered  off,  the  filtrate  was  evaporated  in  vacuo  and  a  small  quantity  of  a  suitable  solvent 
(fOT  tfie  acid  chlorides  1  and  14— ethanol,  for  8— petroleum  ether,  and  for  the  others— ether)  was  added  to  the  oily 
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N-Arylsulfonylaryliminosulfonyl  Chlorides,  XQH4SO(Cl)=  NSO2C6H4Y 


•  #  •  • 
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TABLE  2.  Velocity  Constants  of  the  Hydrolysis  of  N  -Arylsulfonyl 
aryllminosulfonyl  Chlorides  XCeH490(Cl)=  NSO11QH4Y  at  50*  in 
AqueouS'Acetonic  Solution  (1  : 1) 


TABLE  3,  Arylsulfinyl  Acid  Chlorides  ArSOCl 
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residue.  After  some  time,  the  N-arylsulfonylaryliminosulfonyl  chlorides  crystallized.  They  were  filtered  with  suc¬ 
tion  and  washed  with  a  small  amount  of  the  appropriate  solvent.  Acid  chloride  1  was  recrystallized  from  methanol, 
and  the  others  from  ethanol,  with  the  shortest  possible  time  of  heating.  The  liquid  acid  chloride  11  was  dissolved 
In  hot  edianol,  and  the  solution  was  shaken  widt  activated  carbon  and  filtered.  The  liquid  product  separating  on 
cooling  was  rapidly  separated  from  die  mother  liquors  and  dried  in  vacuo. 

The  hydrolysis  of  the  N-arybulfonylaryliminosulfonyl  chlorides  (Table  2,  figure),  was  carried  out  at  50  i  0.01” 
in  0.0025  M  aqueous -acetonlc  solution  (1  : 1).  Titration  was  carried  out  with  0.01  N  aqueous  caustic  soda  on  sam¬ 
ples  withdrawn  and  in  the  presence  of  bromophenol  blue. 

Arybulfinyl  chlorides  (Table  3).  The  aryl  sulfinic  acid  (0.05  g  mole)  was  mixed  with  0.125  g  mole  of  thionyl 
chloride.  In  the  majority  of  cases,  the  reaction  took  place  at  room  temperature.  In  the  production  of  the  chlorides 
of  die  o-  and  p -nitrobenzene  sulfinic  acids,  the  reaction  mixture  was  heated  at  40-60°.  After  completion  of  the 
reaction,  the  solution  was  filtered,  the  excess  of  thionyl  chloride  was  distilled  off  in  vacuo,  and  the  acid  chloride 
was  purified  by  crystallization  or  distillation.  In  the  majority  of  cases,  the  melting  point  after  purification  changed 
little.  All  operations  were  carried  out  under  conditions  excluding  contact  of  the  acid  chlorides  with  moist  air. 

SUMMARY 

1.  The  action  of  the  sodium  salts  of  aryl  sulfonic  acid  chloramides  on  aryl  sulfinyl  chlorides  with  various 
substituents  in  the  aromatic  nucleus  leads  to  the  formation  of  the  corresponding  N-arylsulfonylaryliminosulfonyl 
chlorides. 

2.  The  velocity  of  the  hydrolysis  of  the  N-arylsulfonylaryliminosulfonyl  chlorides  in  aqueous -acetonic  so¬ 
lution  at  50°  is  almost  independent  of  the  nature  of  the  substituents  in  the  aromatic  nuclei. 
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The  isomerizing  action  of  aluminum  chloride  on  hydrocarbons  with  a  medium  -size  ring  has  been  studied  only 
using  cyclooctane  as  a  model:  the  interaction  of  cyclooctane  and  aluminum  chloride  at  100*  leads  to  the  contrac¬ 
tion  of  the  ring  to  a  six-membered  ring  and  the  formation  of  dimethylcyclohexanes  [1], 

The  strain  in  cyclanes  is  composed  of  the  classical  Baeyer  strain  and  the  non-classical  conftxmational  strain 
due  to  the  interaction  of  the  hydrogen  atoms.  The  conformational  strain  in  C5— C7  cyclanes  is  connected  mainly 
with  the  interaction  of  the  hydrogen  atoms  in  die  1,2  positions,  and  in  medium -sized  cyclanes  with  the  transannular 
interaction  of  the  hydrogen  atoms  in  the  1,3-,  1,4-,  1,5-,  and  1,6 -positions.  Tlie  interaction  of  atoms  not  directly 
connected  and  present  on  "opposite  sides"  of  the  ring  determines  certain  features  of  the  properties  and  chemical  be¬ 
havior  of  tile  medium -sized  rings  which  are  not  found  in  other  classes  of  compounds.  Thus,  for  example,  in  their 
oxidation  [2],  de-amination  [3],  and  other  reactions  taking  place  in  an  acid  medium,  anomalous  products  are  ob¬ 
tained,  and  this  is  explained  by  a  hydrogen  shift  witli  the  formation  of  intermediate  carbonium  ions.  This  may  also 
explain  the  isomerization  of  cyclooctane  under  the  influence  of  aluminum  chloride  connected  with  the  interaction 
of  the  1  and  4  carbon  atoms  and  the  formation  of  dimethylcyclohexanes. 

The  present  work  was  undertaken  with  the  object  of  studying  the  behavior  of  cyclononane  and  cyclodecane 
in  the  presence  of  aluminum  chloride.  Tlie  isomerizing  action  of  AlClg  on  cyclononane  was  studied  at  20  and  50*. 
The  constants  of  the  products  of  the  reaction  carried  out  at  20*  (nf)  1.4361,  d4®  0.7930)  were  considerably  different 
from  the  constants  of  the  initial  hydrocarbon  (n|)  1.4670,  0.8507).  All  the  main  frequencies  of  the  Raman  spec¬ 

trum  of  the  reaction  product  coincided  with  die  spectral  lines  of  n-propylcyclohexane  [4].  The  constants  of  the 
products  of  the  reaction  carried  out  at  50*  (n^  1.4291,  d4®  0.7771)  differ  still  more  markedly  from  the  constants 
of  die  initial  cyclononane.  From  the  results  of  spectral  analysis,  they  consist  of  a  mixture  of  1,1,3-,  1,1,4-,  1,2,4-, 
and  1,3,5 -trimethylcyclohexanes.  From  the  results  obtained,  it  may  be  assumed  that  the  isomerization  of  cyclo¬ 
nonane  proceeds  stepwise:  n-propylcyclohexane  is  formed  at  20*  and,  with  a  rise  in  the  temperature  to  50*,  this 
disproportionates  and  forms  a  mixture  of  the  isomeric  trimethylcyclohexanes.  These  results  agree  completely  with 
the  literature  data  [4,  5].  The  isomerization  of  cyclononane  into  trimethylcyclohexanes -compounds  of  greater 
thermodynamic  stability  and,  consequently,  less  strained -can  be  explained  by  a  transannular  interaction  between 
1  and  5  carbon  atoms  in  the  cyclotionane  molecule. 

The  action  of  aluminum  chloride  on  cyclodecane  was  studied  in  the  range  20-75*,  and  it  was  found  that, 
under  these  conditions,  cyclodecane  remains  unchanged.  This  was  indicated  by  the  complete  coincidence  of  the 
constants  and  the  Raman  spectra  of  the  reaction  products  with  the  constants  of  the  initial  hydrocarbon.  The  inert 
behavior  of  cyclohexane  with  respect  to  the  action  of  aluminum  chloride  can  be  explained  by  the  fact  that,  under 
the  action  of  AICI3,  it  assumes  a  conformation  in  which  the  1  and  6  carbon  atoms  are  drawn  together.  A  structure 
is  thereby  formed  which  is  close  to  that  of  decalin  which,  as  is  well  known,  by  the  action  of  aluminum  chloride 
under  the  same  conditions  undergoes  only  a  spatial  isomerization  of  the  cis  form  of  decalin  into  the  trans  form. 

The  conformational  structures  of  cyclooctane,  cyclononane  and  cyclodecane  that  may  predominate  in  the 
presence  of  aluminum  chloride  may  be  represented  in  the  following  way. 
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It  follows  from  the  data  given  that  the  behavior  of  cyclodecane  in  the  presence  of  aluminum  chloride  differs 
fundamentally  from  the  behavior  of  cyclooctane  and  cyclononane.  The  essence  of  this  phenomenon  cannot,  ap¬ 
parently,  be  explained  by  energetic  considerations,  since  data  in  the  literature  definitely. indicate  that  cyclohexane 
is  highly  strained  and,  consequently,  of  all  the  cyclanes  with  a  medium  sized  ring,  it  is  the  least  favorable  system 
on  energetic  grounds. 

In  all  probability,  in  diis  case  the  reaction  mechanism  is  of  decisive  significance.  It  is  known  that  aluminum 
chloride  is  a  Lewis  acid  and  favors  the  formation  of  carbonium  ions.  The  formation  of  carbonium  ions  is  the  stage 
determining  the  velocity  of  the  isomerization  reaction.  It  is  possible  that  the  formation  of  such  an  ion  is  hindered 
in  die  case  of  cyclodecane  under  die  conditions  studied  and  that  this  accounts  for  the  inert  behavior  of  cyclodecane 
with  respect  to  aluminum  chloride. 


TABLE  1 


Hydrocarbon 

Boiling  point 

(pressure  in  mm) 

n20 

Initial  cyclohexane 

53.2’ 

1.4670 

0.8507 

(experiment  1 
Reaction  products 

(experiment  2 

149-153  (755) 

1.4361 

0.7930 

137-139  (750) 

1.4291 

0.7771 

n-Propylcyclohexane  [4] 

154.6-155.6  (752) 

1.4370 

0.7933 

The  same  [10] 

150  (760) 

1.43696 

0.79349 

Mixture  of  Isomeric  trimethyl- 
cyclohexanes  [4] 

135-142  (752) 

1.4290 

0.7764 

EXPERIMENTAL 

I.  Synthesis  and  Isomerization  of  Cyclononane 

The  synthesis  of  cyclononanone  was  carried  out  by  Prelog’s  method  [6],  and  the  reduction  of  the  ketone  to 
cyclononane  by  Kischner’s  method.  The  hydrocarbon  obtained  was  subjected  to  chromatographic  purification  on 
silica  gel  and  was  distilled  in  a  vacuum  of  9  mm  in  a  fractionating  column  with  a  efficiency  of  80  theoretical 
plates,  after  which  it  was  again  chromatographed  twice.  The  cyclononane  purified  in  this  way  had  a  degree  of 
purity  of  99,700  ±  0.015*  and  possessed  the  following  constants: 

B.  p.  53.2*  (9  mm),  m.p.  +10.10  ±  0.05’;  n”  1.4670,  d*4®  0.8507. 

Literature  data  [8]:  b.p.  178.44  i  0.10’  (760  mm),  m.p.  +10.7’,  1.4663,  d*4®  0.8502. 

The  cyclononane  was  studied  by  the  method  of  Raman  spectra.  The  intensity  of  the  lines  was  determined 
visually  and  evaluated  on  an  arbitrary  scale  (Table  2). 

Experiment  1.  On  adding  aluminum  chloride  to  cyclononane,  the  temperature  of  the  reaction  mixture  rose 
from  26  to  43*,  after  which  it  slowly  sank  to  its  original  level.  After  15  hours  the  hydrocarbon  wasseparated  fromthe 
aluminum  chloride  and  was  washed  with  acid,  water,  alkali,  and  water  again,  dried  with  calcium  chloride,  and 
distilled  over  metallic  sodium.  One  part  of  the  isomerization  product  was  subjected  to  Raman  spectrum  analysis 
and  another  was  investigated  by  dehydrogenation  catalysis.  The  most  characteristic  lines  of  n-propylcyclohexane 
were  present  in  the  spectrum  of  the  isomerization  product  obtained  (Table  2):  299  (4),  445  (3),  784  (5,  broad), 

845  (2),  1037  (8). 


•  Determined  by  the  method  of  A.  G.  Anikin,  Ya.  1.  Gerasimov,  G.  M.  Dugacheva,  and  N.  N.  Kozhevnikov  [7]. 
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TABLE  2 


Initial 

cyclononane 

(cm'^) 

Isomeri  zation 
product  of 
experiment  1 
(cm’*) 

n -Propyl - 
cyclohexane  [4] 
(cm’*) 

Isomerization 
product  of 
experiment  2 
(cm’*) 

Mixture  of 
trimethylcyclo- 
hexanes [4] 
(cm**) 

224  (0) 

229  (0) 

182  (0.3) 

254  (0) 

170(0.5) 

251 (0) 

293  (5) 

193(0.5) 

257  (0) 

253  (2) 

257  (0) 

325  (0) 

224  (0.2) 

323  (0.5) 

264  (0.5) 

287 (0) 

347  (0) 

242(1) 

343  (0) 

299  (0.1) 

322  (0.5) 

362  (0) 

276  (0) 

365  (0) 

325  (2) 

340(0.5) 

387  (0) 

299  (4) 

406  (3,  dif) 

347  (0.2) 

435  (0) 

414(1) 

329  (0.2) 

414  (3,  dif) 

365  (0.8) 

480(0) 

445  (3.5) 

.357  (0.1) 

435(1) 

380  (0.3) 

509(3) 

480(0) 

387  (0.2) 

461  (0.5) 

397(1.8) 

695  (0.5) 

495  (0) 

401  (0.1) 

480  (0) 

408  (2,  br) 

718(0) 

518(0) 

4.34  (0.2) 

501  (4) 

434(1.8) 

741  (4) 

540  (0) 

445  (3) 

522  (4.5) 

446(1.5) 

769  (0) 

726  (0) 

460(0) 

5.58(1) 

460(1.5) 

792(1) 

735  (0) 

544  (0.3) 

587  (0) 

499  (3) 

884  (4' 

755(1, dif) 

567  (0.5) 

706  (2) 

518(3.5) 

921  (0.5) 

785  (6,  br) 

603  (0.1) 

728  (3) 

538(0.3) 

956  (0) 

846  ^2.5) 

678  (0) 

753  (4.5,  br) 

.556  (2) 

987(1.5) 

875  (0) 

697  (0) 

790  (0.5,  dif) 

.582(0.1) 

1004  (2i 

897 (0) 

733(0.1) 

846  (0.5) 

702(1.5) 

1057  (5; 

956  (0) 

738(1) 

950(0.5) 

726(2) 

1085(0.5) 

974  (0) 

1035 (8) 

750(0) 

985  (0.5) 

748(4) 

775  (0.2) 

10.50(0) 

769(0.8) 

1014(0) 

787(1) 

1108(4,br) 

1068(1) 

784  (5.  br) 

1046 (2) 

795  (0.2) 

1 133  (0.5,  dif) 

1085(1) 

794(1) 

1071  (0.5) 

8,33(0.8) 

1 138 (0.5,  dif) 

1104(1) 

845  (2) 

1104(2) 

845  (1.5) 

1157(0.5,  dif) 

1152  (0) 

868  (0.8) 

1117(0) 

868(0.1) 

1 176(0) 

1167  (5,  br) 

875(1) 

1165 (0) 

918  (0.8) 

1196(((\ 

1190(0.5,  dif) 

897(1) 

1176(1.5,  dif) 

938  (0.5) 

1219 (D) 

1219(0) 

928  (0.2) 

1187(0.5) 

9.50  (2) 

1 3U4  (if 

12.53(0) 

9.56  (0.2) 

1267(1) 

972  (0.9) 

1267(2,  dif) 

972  (0.6) 

1342(1. .5) 

985  (0.8) 

1347 (0) 

1269(1,  dif) 

1037  (8) 

1353(1. .5) 

1001(1)  ' 

1419(0) 

1296  (0.5) 

1054(1) 

1435(1.5) 

1046(2.5) 

1443(10) 

1.347(2. 

1080(1) 

1460(10) 

1068(1) 

1474  (6) 

1354  (2) 

1.382  (0) 
1443(10) 

1460 (3) 

1085  (2) 

1102(1.5) 

11.57(1) 

1166(2,  br) 
1192(1.3) 

1204  (0.2) 
12.55(1) 

1267  (2) 

1270(1.5) 

1296(1.5) 

1314(0.2) 

1346(1.5) 

13.57(1) 

1382  (0.6) 
1443(10) 
1460(10) 

1083(1.8) 

1100(1.5) 

1120(0.3) 

1166  (2) 

1175  (4) 
1190(2) 
1219(0.8) 

1231  (0.5) 
1253(0.5) 
1268  (0.5) 
1317(1) 
1323(0.3) 

1341  (2) 

13.52  (2.5) 
1380(0.5) 
1408(0.5) 
1433  (2) 
1460(10) 

j 
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TABLE  3 


Hydrocarbons 

Boiling  point 
(pressure  in 
mm) 

"d 

Initial  cyclodecane 

200.50(759) 

1.4715 

0.8581 

Reaction  9 

199.5  (750) 
199.8  (752) 
200  (755) 

1.4712 

1.4713 
1.4711 

0.8578 

0.8580 

0.8.580 

TABLE  4 


Initial  cyclodecane 
(cm-^) 

Isomerization  products 
of  experiments  1,  2, 
and  3  (cm  *^) 

Initial  cyclodecane 
(cm"^) 

Isomerization  products 
of  experiments  1,  2, 
and  3  (cm'^) 

224  (0) 

224  (0) 

917  (1,  5) 

917  (2) 

242  (0) 

242  (0) 

930  (0,  5) 

930  (0,  5) 

318  (2) 

318  (2) 

1020  (0,  diffuse) 

1020  (0.  5,  diffuse) 

340  (0,  5,  diffuse) 

340  (0,  diffuse) 

1074  (7,  broad) 

1074  (8,  broad) 

387  (3) 

387  (3) 

1098  (0,  5) 

1098  (0,  5,  background 

502  (0,  5) 

502  (0,  5) 

1117  (1,  background) 

1117  (1,  background) 

523  (1) 

523  (1) 

1133  (1,  background) 

1133  (1,  background) 

683  (1,  5) 

683  (2) 

1144  (1,  background) 

1144  (1,  background) 

706  (0,  5) 

706  (1) 

1200  (0,  5) 

1200  (0,  5) 

726  (1,  5) 

726  (2) 

1290  (7) 

1290  (7) 

783  (12) 

783  (12) 

1305  (12) 

1305  (12) 

797  (3) 

797  (3) 

1323  (0) 

1323  (0) 

837  (2) 

837  (2) 

1347  (0) 

1347  (0) 

872  (8) 

872  (8) 

1443  (10) 

1443  (10) 

886  (7) 

886  (7) 

1474  (15) 

1474  (15 

Dehydrogenation  of  the  isomerization  product  was  carried  out  over  platinized  carbon  at  300-320°  at  a  low 
velocity.  The  dehydrogenation  product  had  n^  1.4921,  d4®  0.8606.  To  confirm  the  structure  of  the  hydrocarbon  ob¬ 
tained,  the  latter  was  subjected  to  bromination  by  Hennion  and  Anderson's  method  [9];  0.2  g  of  the  hydrocarbon  was 
added  at  0*  to  a  mixture  of  3.5  ml  of  bromine  and  0.05  g  of  iron  powder.  After  some  time,  crystals  separated  which 
were  washed  free  from  bromine  with  a  solution  of  alkali  and  with  alcohol,  and  were  then  recrystallized:  m.p.  93-94° 
(toluene).  Literature  data  for  pentabromo-n-propylbenzene  [9]:  m.p.  93-94°,  No  depression  of  the  melting  point 
was  obtained  in  a  mixed  melting  point  test  with  pentabromo-n-propylbenzene  obtained  synthetically » 

Experiment  2.  The  reaction  mixture  was  heated  to  50°  for  15  hours.  After  this,  the  hydrocarbon  was  separated 
from  the  aluminum  chloride,  washed,  and  distilled  over  metallic  sodium. 

The  constants  of  the  cyclononane,  of  its  isomerization  products  from  experiments  1  and  2,  and  of  n-propyl- 
cyclohexane  and  its  isomerization  products,  obtained  earlier  [4],  are  given  in  Table  1.  The  spectrum  of  the  isomeriza¬ 
tion  product  largely  coincided  with  the  spectrum  of  the  isomerization  products  of  n -propyl-  and  isopropylcyclo- 
hexanes  (Table  2). 

11,  Synthesis  and  Isomerization  of  Cyclodecane 

The  cyclodecane  was  synthesized  by  Prelog’s  method  [6,  11].  Its  purification  was  similar  to  that  for  cyclononane. 
The  cyclodecane  so  obtained  had  a  degree  of  purity  of  99.46  ±  0.04°}o  and  possessed  the  following  constants; 
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B.  p.  76*  (14  mm),  200.5*  (759  mm);  m.p.  +11.05*0.01*,  nf?  1.4715,  dj®  0.8581. 

Literature  data  [12];  b.p.  75*  (12  mm),  m.p.  +10.8*,  1.4715,  d^®  0.8577. 

Experiment  1  was  carried  out  at  20*.  On  adding  aluminum  chloride  to  the  hydrocarbon,  the  temperature  of  die 
reaction  mixture  did  not  change.  After  the  completion  of  the  experiment,  the  hydrocarbon  was  decanted  from  the 
aluminum  chloride,  washed  in  a  suitable  manner,  dried  with  calcium  chloride,  and  distilled  over  metallic  sodium. 
The  constants  of  the  reaction  product  (Table  3)  were  practically  identical  with  the  constants  of  the  initial  cyclo¬ 
decane.  The  Raman  spectrum  of  the  isomerization  product  (Table  4)  also  agreed  cranpletely  with  die  spectrum  of 
the  initial  cyclodecane. 

Experiment  2  and  3.  Experiment  2  was  carried  out  at  50*,  and  experiment  3  at  75*.  The  hydrocarbons  ob¬ 
tained  were  wadied,  dried  and  distilled  over  metallic  sodium. 

The  constants  of  the  reaction  products  of  experiments  2  and  3  did  not  differ  from  the  constants  of  the  initial 
cyclodecane  (Table  3).  The  spectra  of  the  reaction  products  of  experiments  2  and  3  also  agreed  with  the  spectrum 
of  the  initial  hydrocarbon  (Table  4). 

SUMMARY 

1.  The  action  of  aluminum  chloride  on  cyclohexane  leads  to  an  isomerization  similar  to  the  isomerization  of 
the  seven-  and  eight -membered  cyclanes,  accompanied  by  a  contraction  of  the  ring  to  a  six-membered  ring.  The 
reaction  apparently  goes  stepwise:  at  20*,  cyclononane  is  converted  mainly  into  n-propylcyclohexane;  at  50*  dis¬ 
proportionation  of  the  radicals  takes  place  with  the  formation  of  isomeric  trimethylcyclohexanes. 

2.  Cyclodecane  remains  unchanged  by  the  action  of  aluminum  chloride  in  the  temperature  range  20-75". 
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The  substituted  halogenobenzenes  are  acquiring  ever  increasing  importance  at  the  present  time  in  view  of  the 
possibility  of  their  wide  use,  in  particular,  for  the  production  of  halogenostyrenes.  We  have  shown  [1]  that  on  alkylating 
chlorobenzene  with  propyl  alcohols  at  atmospheric  pressure  over  an  aluminosilicate  catalyst  in  the  vapor  phase  high 
yields  of  isopropylchlorobenzene  are  obtained. 

In  the  present  investigation,  the  possibility  of  alkylating  bromobenzene  with  jMropyl  alcohols  under  the  above- 
mentioned  conditions  was  studied.  As  a  result,  the  same  dependence  of  the  yield  of  isopropylbromobenzene  on  the 
nature  of  the  alcohol  and  on  the  composition  of  the  reaction  mixture  has  been  established  as  in  the  case  of  the  alkyla¬ 
tion  of  chlorobenzene.  The  use  of  a  high  content  of  halogenobenzene  in  the  halogenobenzene  -  alcohol  mixture 
(for  example  6:1,  rather  than  4  :  1  or  2  :  l),or  the  repeated  use  of  the  excess  of  halogenobenzene  which  has  not 
reacted,  leads  to  a  considerably  increased  yield  of  alkyl  derivatives.  Thus,  for  example,  on  using  a  mixture  in  which 
the  ratio  of  pure  chloro-  and  bromobenzene  to  isopropyl  alcohol  was  6  :  1,  with  an  optimum  temperature  of  275'  and 
with  a  space  velocity  of  feed  of  the  reaction  mixture  of  0.2,  the  yield  of  alkyl  derivatives  was  33^<»  and  38^o  res¬ 
pectively;  on  re-use  of  the  halogenobenzene  which  had  not  reacted,  the  yield  of  alkyl  derivatives  rose  to  39  and  457o. 
The  greatest  yield  of  alkyl  derivatives  is  obtained  on  using  a  mixture  in  which  there  are  20  moles  of  chloro-  or 
bromobenzene  per  mole  of  alcohol.  Under  these  conditions,  the  yield  of  isopropylchloro-  and  isopropylbromobenzene 
amounts  to  94-95*70.  Such  high  yields  are  determined  [1]  by  the  presence  in  the  unreacted  excess  of  bromobenzene  of 
small  amounts  (4-5*70)  of  unsaturated  compounds  which  are  formed  by  the  dehydration  of  the  propyl  alcohols  over  the 
aluminosilicate  catalyst  and  which  activate  the  alkylation  reaction.  These  unsaturated  compounds  boil  in  the  range 
36-202'  and  their  properties  are  close  to  those  of  the  hydrocarbons  reported  in  the  literature  [2]  formed  on  the  de¬ 
hydration  of  isopropylalcohol  over  a  syntlietic  aluminosilicate  catalyst  at  340-350'.  According  to  data  in  the  liter¬ 
ature  [2],  the  propylene  obtained  in  this  process  polymerizes  to  C5~C23  hydrocarbons.  The  main  product  of  the 
alkylation  of  bromobenzene,  both  with  isopropyl  and  with  n-propylalcohol,  was  p-isopropylbromobenzene;  the  ortho- 
compound  was  obtained  in  small  amounts;  no  meta -isomer  was  produced. 

The  dependence  of  the  yield  of  alkyl  derivatives  on  the  time  of  action  of  the  catalyst  was  also  studied  in  the 
present  investigation.  It  was  found  that,  as  in  the  alkylation  of  benzene,  toluene  [3],  and  phenol  [4],  the  activity  of 
the  catalyst  remains  high  for  the  first  5-6  hoius  working,  then  falls  somewhat  but  remains  constant  for  a  further  15- 
17  hours,  after  which  a  considerable  decrease  commences.  The  activity  of  the  catalyst  is  completely  restored  after 
the  passage  of  dry  air  for  2.5-3  hours  at  500-550'. 

From  a  comparison  of  the  results  with  those  obtained  earlier  in  the  alkylation  of  benzene  [3]  and  chlorobenzene 
[1]  with  propyl  alcohols,  it  follows  that  the  yield  of  alkylation  products  at  a  ratio  of  the  components  of  6  :  1,  a  tem¬ 
perature  of  250-275'  and  a  space  velocity  of  feed  of  the  reactants  of  0.2  fails  to  pass  from  isopropylbenzene  (597o) 
to  isopropylbromobenzene  (38*70)  and  isopropylchlorobenzene  (33f7o).  This  is  in  good  agreement  with  the  well-known 
ability  of  the  halogens  to  deactivate  the  benzene  ring  by  reducing  its  electron  density.  The  higher  yield  of  isopropyl¬ 
bromobenzene  in  comparison  with  the  chloro  compound  is  explained  by  the  more  strongly  expressed  electronegative 
action  on  the  benzene  ring  of  the  chlorine  atom  in  comparison  with  the  bromine  atom.  This  is  in  agreement  with  the 
decrease  in  electronegative  properties  in  the  halogen  series. 

Attempts  to  carry  out  the  alkylation  of  iodobenzene  with  propyl  alcohols  were  unsuccessful.  This  is  due  to  the 
fact  that,  at  250-300'  in  the  presence  of  an  aluminosilicate  catalyst,  iodobenzene  partially  disproportionates  with 
the  fcHmation  of  benzene  and  polyiodobenzenes  and  partially  decomposes  with  the  liberation  of  iodine. 
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TABLE  1 


Fraction 

No. 

B.p.  of  the 
fraction  at 

751  mm 

Yield 

(%) 

"d 

d? 

Sromine 

number 

Molec  - 

ular 

weight 

Unsatu¬ 
rated 
hydro - 
ca^r^ns 

Composition 
of  the  fraction, 
according  to 
Gayer[2] 

1 

36-00° 

13.5 

1.3810 

0.6707 

149.5 

76 

70.9 

Cc 

2 

60—73 

12.3 

1.3965 

0.0843 

181.3 

90 

99.0 

\  „  _ 

3 

73-97 

1.5.5 

1.3980 

0.0953 

100.4 

100 

98.2 

1  Cj— C; 

4 

97-117.5 

8.9 

1.4142 

0.7211 

151.0 

105 

99.3 

\ 

f) 

117.5-120 

0 

— 

— 

— 

— 

_ 

1  Cft — (.a 

6 

120-149 

12.0 

1.4210 

0.7391 

1.35 

110 

100 

7 

149-154 

0 

— 

— 

— 

— 

— 

« 

1.54-181 

9.6 

1.4530 

0.7423 

82.5 

127 

65.5 

\ 

9 

181-195 

0 

— 

— 

— 

— 

— 

/  Cio — ('12 

10 

195-201.5 

5.8 

1.4780 

0.8397 

47.9 

139 

41.6 

Above  202.5 

7.7 

1.4905 

0.8647 

36.08 

_ 

_ 

Ci3  and  above 

Residue 

10.5 

Losses 

4.2 

EXPERIMENTAL 

The  reaction  was  carried  out  in  a  conventional  apparatus  of  the  flow  type  with  an  automatic  feed  for  die  re¬ 
action  mixture.  The  bromobenzene  and  the  n-  and  isopropyl  alcohols,  previously  dried  and  distilled,  possessed 
constants  corresponding  to  those  given  in  the  literature.  Bromobenzene  remained  unchanged  after  passage  over  the 
catalyst  at  275°  with  a  space  velocity  of  0.2  hr'^.  Under  these  conditions,  isopropyl  alcohol  was  96-97^  dehydrated; 
the  issuing  gas  contained  99.0-99.^o  of  propylene.  The  liquid  catalyzate  consisted  of  water  and  a  mixture  of  un- 
saturated  hydrocarbons  obtained  in  a  yield  of  4-31°  (calculated  on  the  alcohol  passed)  with  b.p.  36-202.5°  and  nf) 
1.3810-1.4905.  The  properties  of  the  hydrocarbon  fractions  obtained  by  distillation  in  a  column  with  an  efficiency 
of  40  theoretical  plates  are  given  in  Table  1. 

The  yield  of  isopropylbromobenzene  was  calculated  on  the  200-220°  fraction  obtained  on  preliminary  dis¬ 
tillation,  which  corresponded  to  the  boiling  point  of  the  isomeric  monoisopropylbromobenzenes. 

The  dependence  of  the  yield  of  alkyl  derivatives  on  the  temperature  of  the  experiment  is  shown  in  Table  2. 


TABLE  2 


Temper¬ 
ature  of 

Yield  (in  'I0)  of  ratios  of  bromobenzene  to  alcohol  of  4  :  1 
and  6  : 1  and  a  space  velocity  of  feed  of  0.2  hr'^ 

the  ex- 
peri- 

CeHsBr  ;  iso 

-QH7OH 

QHgBr  :  n-CaHiOH 

ment 

4  :  1 

6  :  1 

6  ;  1 

250° 

28.8 

35.0 

27.7 

275 

31.0 

38.0 

31.5 

300 

29.0 

35.3 

28.0 

325 

26.4 

28.5 

25.0 

dependence  of  the  yield  of  isopropylbromobenzene  on  the  rate  of  feed  is  shown  in  Table  3. 

The  influence  of  the  composition  of  the  reaction  mixture  on  the  yield  of  alkyl  derivatives  was  studied  on 
mixtures  with  pure  bromobenzene  (I)  and  with  the  excess  of  bromobenzene  which  had  not  reacted  in  previous  ex 
periments  (II)  (Table  4). 
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TABLE  3 


Space  velocity  of  feed  of 
QHsBr  :  iso-CsH-jOH  mix¬ 
ture  (6  ;  1)  at  275* 

0.1 

0.2 

0.3 

0.5 

0.9 

Yield  of  alkylation 
products  (in  ‘^) 

34.3 

38.0 

35.6 

29.0 

26.6 

TABLE  4 


Reaction  components 

Yield  (in  %)  at  275*  with  a  space  velocity  of  feed  of  0.2  hr*^ 
and  molar  ratios  of  bromobenzene  to  alcohol  as  follows 

2 : 1 

4  :  1 

6  : 1 

8 : 1 

20 : 1 

(I) 

(11) 

(I) 

(ii) 

(I) 

(11) 

(I) 

(11) 

(1) 

(11) 

CelUnr:  iso.C-,H70H 
Cellsnr  :  n  -031170 H 

16.5 

10.5 

31.0 

26.0 

37.0 

28.8 

38.0 

31.5 

45.0 

34.8 

42.0 

35.0 

53.5 

40.3 

69.0 

55.5 

95.0 

70.1 

TABLE  5 


Boiling  point  of  the 
fractions  at  753  mm 

Yield  (%) 

d? 

Fraction  No. 

!• 

«  * 

1 

2 

2 

1 

2 

1 

193-203.5° 

190-  205° 

8.9 

9.3 

1.5240 

1.5238 

1.1475 

1.1473 

2 

203.5-209 

205—209.3 

15.3 

13.1 

1.5287 

1.5285 

1.2013 

1.2015 

;) 

209-210 

209.3-210.1 

9.85 

4.3 

1.5.360 

1..5368 

1.2609 

1.2612 

4 

210-210.2 

210.1-210.3 

11.3 

19.5 

1.5368 

1.5369 

1.2756 

1.2760 

5 

210.2-212 

210.3-211.9 

— 

2.7 

— 

1.5370 

— 

1.2790 

6 

212-212.7 

211.9-212.5 

28.6 

31.1 

1..5371 

l.,5372 

1.2840 

1.2832 

7 

212.7-213.5 

212.5-214 

16.9 

18.0 

1.5.371 

1.5373 

1.2862 

1.2860 

Residue 

5.1 

5.3 

Losses 

4.05 

6.7 

p-Isopropylbro- 

moDenzene[5] 

218.7 

1.5360 

1.2854 

0  -Isopropyl  - 

210.2 

1.5408 

1.3019 

benzene [5]* • • 

1 

•  Products  of  alkylation  with  isopropyl  alcohol. 

•  *  Products  of  alkylation  with  propyl  alcohol. 

•  •  •  The  constants  of  m-isopropylbromobenzenes  and  m-propylbromobenzene 
are  not  given  in  the  literature. 


Yield  of  monoisopropylbromobenzene  as  a  function  of  the  time  of 
operation  of  the  catalyst. 
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In  the  preliminary  distillation  of  the  previously  dried  alkylation  products  of  bromobenzene  with  iso-  and  n- 
propyl  alcohols,  the  following  fractions  were  isolated: 

1st:  120-162*  (82, 7*70),  nf)  1.5495,  <^4  1.4085 -unreacted  excess  of  bromobenzene;  2nd:  162-200*  (3,97>^. 

1.5430,  d4®  1.3202;  3rd:  200-220*  (10.8f7o),  njJ  1.5369,  d^®  1.2638 -alkylbromobenzenes. 

To  isolate  the  individual  alkylation  products,  the  fractions  with  b.p.  200-220*  were  distilled  in  a  column  with 
an  efficiency  of  40  theoretical  plates  with  a  glass  packing  (Table  5). 

To  prove  the  structure  of  the  alkylation  products  obtained,  fractions  4,  6,  and  7  (1  and  2,  Table  5)  were  oxidized 
with  nitric  acid  [6],  as  a  result  of  which  acids  were  isolated.  After  recrystallization  from  alcohol  and  sublimation, 
the  main  fraction  melted  at  254.5*  and  the  lesser  fraction  at  147.5*.  According  to  data  in  the  litt  ature,  o-bromo- 
benzoic  acid  melts  at  148.9*  [7];  p-bromobenzoic  acid  at  255-256*  [8];  and  m -bromobenzoic  acid  at  154*  [9]. 

The  dependence  of  the  yields  of  monoisopropylbromobenzene  on  the  time  of  operation  of  the  catalyst  without 
regeneration  was  determined  at  275*,  with  a  space  velocity  of  feed  of  the  reaction  mixture  of  0.2  hr'^,  and  a  ratio  of 
bromobenzene  to  isopropyl  alcohol  of  6  :  1  (see  figure). 

SUMMARY 

1.  The  alkylation  of  bromobenzene  with  propyl  alcohols  can  be  accomplished  in  a  continuous  system  at  at¬ 
mospheric  pressure  over  an  aluminosilicate  catalyst. 

2.  The  following  should  be  considered  the  optimum  conditions  for  the  production  of  isopropylbromobenzene 
(mainly  the  para -isomer);  275*  and  a  space  velocity  of  feed  of  0.2  hr"^.  At  a  molar  ratio  of  bromobenzene  to  al¬ 
cohol  of  20  :  1,  the  yield  of  isopropylbromobenzene  amounts  to  94-9^o. 
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We  showed  previously  [1]  that  some  hydroxyaminofuranones  obtained  by  I.  N.  Nazarov  and  co-w(xkers  [2] 
form  with  a  series  of  inorganic  ions  soluble  colored  complex  compounds  which  can  be  used  for  chemical  analysis 
fc»  qualitative  and  quantitative  determination  of  the  metals. 

It  is  of  interest  to  continue  the  investigation  by  studying  the  properties  of  these  complexes  and  also  to  study 
the  ability  for  complex  formation  of  other  representatives  belonging  to  the  series  of  tetrahydrofuran  derivatives. 

In  the  present  work  we  give  results  of  a  study  of  the  reaction  with  metals  of  the  following  three  derivatives  of 
tetrahydrofuranones :  2 -(a ,N -dimethylaminojisopropy  1  -4 -hydroxytetrahydro -3 -furanone  (Ri),  2 -isopropyl-4 -hydroxy - 
tetrahydro-3-furanone  (Rj),  and  2 -isopropyltetrahydro-3 -furanone  (R3).  We  have  tested  the  reactions  of  the  reagents 
to  all  the  cations  of  analytical  groups  1-V,  and  also  the  following  ions  of  tare  metals;  Li'*',  Be*^,  Ce^^,  V(5), 

T1  (4),  Th  (4),  in  neutral,  acid,  and  alkaline  media.  We  have  studied  the  most  important  properties  of  several  of 
the  colored  complexes.  The  methods  of  wcffk  were  described  previously  [1]. 

EXPERIMENTAL* 

2 -(a,N  -Dimethylamino)isopropyl-4-hydroxytetrahydro-3  -furanone  (Ri)  gave  crystals  of  a  slightly  yellow  color 
with  m.p.  74-75°.  It  was  easily  soluble  in  alcohol,  partly  so  in  water.  Acids  and  ammonia  did  not  act  on  it;  with 
alkali  it  gave  a  yellow  coloration  which  was  probably  connected  with  a  keto-enol  rearrangement. 
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C-CHOH 
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y 
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(Rj)  had  reducing  properties;  by  the  action  of  KMn04  it  gave  a  brown  precipitate  of  MnO^,  and  by  the  action  of 
excess  (Rj)  on  salts  of  Ag+,  Hg+,  Hg++,  it  gave  a  black  precipitate  of  metallic  silver  and  mercury. 

Most  characteristic  for  (Rj)  was  the  formation  of  colored,  soluble  compounds  with  ions  of  Fe  (111),  TI  (IV), 
V  (V),  (Table  1). 


•  T.  V.  Kukhtenko  and  N.  A.  Khodonovich  took  part  in  the  experimental  work. 
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TABLE  1 


! - 

Sensitivity 

Ion 

Color 

Acid 

Alkali 

minimum 
detected  (y) 

limiting 

dilution 

Fe^^ 

Blue -violet 

Decolored 

Brown  precipi¬ 
tate 

0.84 

1  : 32000 

Ti4+ 

Red 

White  precipi¬ 
tate 

0.14  . 

1  :  200000 

Greenish-brown 

Decoltwed 

Yellow  color 

4.6 

1  :  6000 

V  (V) 

Green 

Violet  color 

Yellow  color 

0.10 

1  : 36000 

Fig.  1.  Spectral  characteristics  of  the  com-  Fig.  2.  Isomolar  series  of  system  Ti  (IV)- 

plex  of  2-(a,N-dimcthylamino)isopropyl-  2-(a,N-dimethylamino)isopropyl-4-hy- 

4-hydroxytetrahydro-3-furanone  with  metals.  droxytetrahydro-3-furanone. 


The  best  conditions  for  reaction  of  Ti  (IV)  and  (Rj)  with  formation  of  the  red  complex  can  be  considered  an 
acid  medium.  Since  other  ions  under  these  conditions  do  not  form  colored  compounds,  this  reaction  is  specific  for 
titanium. 

The  spectral  characteristics,  taken  on  an  SF-2M  recording  spectrograph  and  a  universal  photometer,  showed 
that  the  maximum  light  absorption  of  this  complex  lay  in  the  region  410  m/i  (Fig.  1).  A  study  of  the  change  in 
optical  density  with  time  showed  tliat  at  the  moment  of  mixing  the  solutions  the  optical  density  had  a  maximum 
value;  during  the  first  ten  minutes  this  fell  somewhat  and  then  during  the  next  15  minutes  remained  constant,  after 
which  there  began  a  slow,  gradual  decrease. 

Under  the  reaction  of  excess  hydrogen  peroxide  on  the  red  complex  of  titanium  with  Rj  an  orange  color  was 
produced;  addition  of  KBrO^  changed  the  color  to  yellow;  cupferron  caused  the  appearance  of  a  yellow  turbidity; 
excess  KBr,  KI,  and  NaNO^  caused  decoloration.  The  anion  of  the  titanium  salt  (in  this  case  SO4)  partly  entered  tht 
internal  sphere  of  tlie  complex. 

We  undertook  a  study  to  determine  the  composition  and  stability  of  the  colored  complex  of  (Ri)  with  Ti*^ 
by  the  method  of  isomolar  series  and  shift  of  equilibrium  [3,  4].  We  prepared  several  isomolar  series  with  different 
concentrations  of  reacting  substances  at  a  constant  H  ion  concentration,  and  also  isomolar  series  with  definite  con¬ 
stant  concentrations  of  ions  of  Ti  and  (Rj),  but  differing  H  ion  concentrations.  The  concentration  of  solutions  of 
titanium  and  reagent  were  changed  from  0.00132-0.0264  M,  and  the  acid  from  0.3528-0.7056  N.  Measurement  of 
optical  density  was  carried  out  with  a  layer  thickness  of  20  mm  with  a  green  light  filter.  In  Fig.  2  we  give  results 
for  the  series  of  isomolar  solutions  with  concentration  of  (Rj)  and  Ti  0.00264  M  and  M  ion  concentration  0.5292  N, 
The  maximum  optical  density  in  all  the  series  studied  corresponded  to  a  ratio  of  components  Ti  :  (Rj)  =1:2, 
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The  composition  and  dissociation  constant  for  the  complex  of  (R^)  with  Ti  were  calculated  also  by  the  method 
of  equilibrium  shift,  on  the  basis  of  a  study  of  the  properties  of  solutions  with  constant  concentration  of  the  central 

ion  and  variation  over  a  wide  range  of  the  concentration  of  the  coordinating 
ion.  The  concentration  of  titanium  was  0,00264  M,  the  concentration  of 
(Ri)  was  changed  in  the  range  0.00066  to  0.02  M,  We  also  studied  a  series 
of  solutions  where  the  concentration  of  (Ri)  and  Ti  was  decreased  by  half 
(Table  2). 


TABLE  3 


Thickness  of  layer  (mm) 

D 

5 

0.270 

10 

0.215 

20 

0.175 

We  calculated  from  the  results  of  two  series  of  solutions  the  value 
of  the  coordination  number  as  2.2  and  2.0,  and  K^jissoc. 
and  1.4  •  10“^  respectively. 


We  also  studied  the  relation  of  color  of  the  complex  of  (Rj)  and  Ti  to  dilution.  For  this  we  prepared  a  solution 
of  (Rj)  and  Ti  in  the  ratio  at  which  they  reacted,  and  then  diluted  and  measured  them  to  determine  the  optical  den¬ 
sity,  with  increase  in  thickness  of  the  colored  layer  corresponding  to  the  dilution.  The  change  in  value  of  optical 
density  shows  the  dissociation  of  the  complex  (Table  3). 


TABLE  4 


Concentration 

D 

Ri 

0.0015 

0.0003 

0.61 

0.0015 

0.0005 

0.77 

0.0015 

0.010 

1.00 

0.0015 

0.015 

1.15 

0.0015 

0.020 

1.28 

0.0015 

0.025 

1.35 

0.0015 

0.030 

1.35 

Fig.  3.  Isomolar  series  in  system  of  UO^'*'  ion -2 
(a,N -dimethylamino)isopropyl-4-hydroxytetra  - 
hydro-3-furanone  at  wave  lengths  675  mM  (1) 
and  400  m/i  (2). 


Calculation  of  the  dissociation  constant  by  method  [5]  from  the  results  of  two  dilutions  gave  the  following 
values  for  K:  1.4  •  lO"^  and  1.06  •  10"^,  which  agree  well  with  the  results  calculated  by  the  method  of  shift  in 
equilibrium. 

The  relation  of  the  colored  complex  of  (Rj)  and  Ti  to  excess  H20^  shows  that  the  peroxide  compound  of  titanium 
is  more  stable.  Comparison  of  K^nst.  of  peroxide  compound  of  titanium,  K  =  1.0  •  10"'*  (literature  data)  with 
^TiRi“  1.2  •  10"^  calculated  by  us  (average  value)  confirms  this. 

The  complex  of  (Rj)  with  Fe  (111)  is  sufficiently  stable;  the  color  remains  for  8-10  hours.  In  the  presence  of 
acid,  and  also  of  oxidizing  agents  (H2O2,  KMn04,  bromine  water)  there  is  decoloration.  Obtaining  the  spectral  charac- 
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TABLE  5 


teristics  on  the  SF-2M  reccarding  spectrograph  for  the  colored  com¬ 
pound  of  Rj  with  Fe  (III)  (Fig.  1)  showed  that  in  the  visible  region  of 
the  spectrum  die  blue -violet  complex  of  (Rj)  with  Fe  (ID)  had  three 
maximum  light  absorption  peaks  in  the  spectral  regions  416,  520-535, 
and  660-675  m/i .  We  showed  the  relation  of  diese  compounds  to  a 
constant  electric  current  and  to  ionites  (KU-1  in  the  H  form,  and  ^DE- 
10  in  the  OH  form).  We  showed  that  the  colored  solution  moved  in 
the  direction  of  the  cathode;  when  the  solution  was  passed  through  a 
cationite  there  was  decoloration,  and  through  an  anionite  the  solution 
passed  without  visible  change. 

The  complex  of  with  (Rj)  formed  in  a  neutral  medium.  Acids  and  oxidizing  agents  (H20^,  KMn04,  NaNO^) 
decolored  it.  In  alcohol  solution  the  complex  was  stable  for  8-10  hours,  and  after  a  day  its  color  shifted  from  brownidi- 
green  to  pale  yellow.  Passage  of  a  constant  electric  current  (60-70  V)  for  one  hour  through  a  solution  in  a  U-tube  did 
not  result  in  any  marked  shift;  the  colored  solution  moved  1-2  mm  toward  the  cathode,  and  in  the  cathode  region 
there  was  formed  a  small  layer  of  solution  with  a  red -brown  color.  In  order  to  establish  the  composition  of  this  com¬ 
plex  we  studied  two  isomolar  series  with  concentration  of  the  solutions  of  0.003  and  0.0015  M.  Fig.  3  gives  the  results 
for  the  series  of  isomolar  solutions  with  concentration  0.003  M  and  shows  the  formation  of  a  colored  complex  at  ratio 
UO^  :  (ki)  =1:2.  The  results  of  the  other  series  of  solutions  shows  the  same  composition.  The  instability  constant 
was  calculated  from  the  results  obtained  by  extrapolation  of  the  initial  part  of  the  curve  to  the  point  of  intersection. 
The  degree  of  dissociation  was  0.608,  and  K  =  2.8  •  10“^. 

From  the  results  by  the  method  of  equilibrium  shift  given  in  Table  4,  K  =  1.26  •  10"®,  and  from  the  results  of 
tlie  properties  of  solutions  with  respect  to  dilution  (Table  5),  K  =  1.3  •  10"®. 


2  - 1  sopropy  1  -  4 -hy  dr  oxy  tetr  ahy  dr  o -3  -  fur  anone  (R2)  and  2  -  Isopropy  Itetrahy  dro -3 - 
furanonc  (R3). 

The  reagents  were  inactive  with  respect  to  metals  in  neutral,  acid,  and  alkaline  media  and  practically  did  not 
react  with  cations  of  analytical  groups  I-V  and  ions  of  rare  metals. 


O 

li 

II., c:  cii-cii-cii, 

■\/  I 

0  CM., 

(0.-,) 

DISCUSSION 

The  study  of  the  reaction  of  the  three  tetrahydrofuranone  derivatives  with  metals  reported  in  this  work  has  shown 
that  2-(a,N-dimethylamino)isopropyl-4-hydroxytetrahydro-3-furanone  (Rj)  forms  colored  soluble  complexes  with 
ions  Fe®^,  Ti**^,  and  V  (V).  It  is  interesting  to  see  that  the  previously  studied  tetrahydrohydroxyaminofuranones 

[1]  react  with  the  same  group  of  ions  with  formation  of  compounds  similar  in  color  and  solubility.  We  can  assume 
that  all  these  reagents  contain  the  same  functional  analytical  group.  The  (Re)  and  (R3)  studied  in  this  work  under  the 
same  conditions  do  not  form  compounds  with  characteristic  properties  with  metal  ions.  These  reagents,  in  distinc¬ 
tion  from  (Rj),  and  other  tetrahydrohydroxyaminofuranones,  do  not  contain  in  their  molecules  a  tertiary  atom  of 
nitrogen.  Evidently  a  considerable  role  in  the  reaction  of  the  molecules  of  this  class  of  c(xnpounds  with  metal  ions 
belongs  to  tlie  nitrogen  atom.  Here  we  should  remember  that  on  the  one  hand  there  is  a  possibility  of  reaction  of 
metal  ions  directly  with  the  nitrogen  atom  because  of  coordination  (donor -acceptor)  bonds  or  the  reciprocal  effect 

O  OH 

of  the  nitrogen  atom  on  the  C  ~  C  -  group,  as  a  result  of  which  because  of  redistribution  of  the  electron  density,  in  the 

molecule  the  a -hydroxy ketone  grouping  becomes  more  reactive  and  then  reaction  occurs  at  the  place  of  the  a- 

O  OH 

hydroxyketone  grouping.  In  the  case  of  the  second  type  of  reaction,  the  group  C— C  -  can  be  considered  functional 
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O 

Lciioii 


M^C-IIC-CIl  CH  . 

I  \/ 

CM,  0 

■  (n2) 


analytical,  and  is  analytically  active.  The  question  of  the  mechanism  of  reaction  of  die  ions  of  the 

metals  with  tetrahydrofuranone  derivatives  requires  further  experimental  and  theoretical  treatment. 

Since  titanium  (IV)  reacts  widi  (R^)  in  an  acid  medium,  where  (Rj)  exists  in  the  keto  form,  we  can  assume  that 
the  following  is  the  probable  structure  of  the  complex: 


O . vTir . O 

II  /O/  11 

c-CH/  \nc-c 


ir,c^ 

JLCy 


C-C  CII2 

H\/ 

0 

N(CH3)2 


CII, 


1I2C  i-c^ 

\/n  I^CHa 


N(Cllo)2j 


The  reaction  of  (Rj)  with  vanadium  (V)  leads  to  formation  of  two  different  colored  compounds,  depending  on 
the  acidity  of  the  solution:  green  in  neutral  medium  and  violet  in  acid.  Since  in  the  acid  medium  vanadium  (V) 
exists  in  tiie  form  of  ion  (VQj"  +  4H^  +  21^0)  we  can  assume  that  in  this  case  there  occurs  the  violet 

color  of  the  complex  cation  VO^'*'  with  (Rj),  and  the  sensitivity  in  this  reaction  is  greater  than  in  the  reaction  of  VO^" 
ion  with  formation  of  the  green  compound. 

Since  (Rj)  has  reducing  properties,  in  the  reaction  with  V  (V)  we  can  assume  along  with  complex  formation  the 
presence  of  an  oxidation  -reduction  reaction  and  as  a  result  there  can  be  obtained  different  colored  reduction  products 
of  V  (V) 

VO,  ‘  Vd'*'  (blue)  V^"^  (green)  -  V*"^  (violet) . 

Comparison  of  the  ratio  of  ions  of  VC^"  to  (Rj)  on  the  one  hand,  and  the  ordinary  reducing  agents  (SnClg,  FeS04, 
Zn  in  acid  medium)  on  the  other  shows  that  the  reaction  with  (R^)  occurs  considerably  faster  and  more  effectively 
than  in  these  inorganic  reducing  agents.  On  addition  of  sulfuric  acid  and  hydrogen  peroxide  to  the  green  compound 
of  V  (V)  with  (Ri)  there  appears  an  orange  color.  The  VO3"  ion  reacts  analogously  with  H2O2  with  formation  of  an 
intensely  colored  peroxide  compound  [6].  o- Hydroxy  quinoline  in  reaction  with  the  green  compound  of  V(V)  with  the 
reagent  forms  a  yellow  precipitate,  the  solution  above  which  has  an  orange -red  color.  All  this  permits  us  to  con¬ 
sider  that  in  the  reaction  of  2-(a,N-dimethylamino)isopropyl-4-hydroxytetrahydro-3-furanone  with  V  (V)  there  is 
most  probably  formation  of  a  complex  compound  of  the  ion  VC^”  in  a  neutral  medium  and  VO^"^  in  acid. 

SUMMARY 

We  have  established  that  2-(a,N-dimethylamino)isopropyl-4-hydroxytetrahydro-3-furanone  reacts  with  ions  of 
Fe  (III),  Ti  (IV),  V  (V),  with  formation  of  colored,  soluble  complex  compounds.  The  great  sensitivity  of  this 

reaction  permits  its  use  for  determining  traces  of  these  metals. 

We  have  studied  the  most  important  properties  of  some  of  the  colored  compounds. 
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In  recent  years  the  study  of  the  chemistry  of  hydroxylamines  has  been  concentrated  preferably  on  the  O- 
derivatives  among  which  there  are  a  number  of  natural  and  synthetic  substances  with  various  biological  actions:  the 
antibiotic  cycloserine  [1],  the  amino  acid  canavaline  [2],  a-aminohydroxy  acids  and  their  derivatives  [3],  The 
known  methods  for  synthesis  of  0-hydroxy lamines  are  based  on  obtaining  the  ethers  of  oximes  [4],  of  hydroxamic 
acids  [5],  of  hydroxyurethanes  [6],  and  of  analogous  compounds  followed  by  removal  of  the  substituting  group  on 
the  nitrogen.  A  comparison  of  these  methods  shows  that  all  of  them  have  two  basic  deficiencies  in  one  ot  another 
step:  variation  in  the  reaction  conditions  in  the  stage  of  formation  of  the  ether  and  rather  severe  conditions  for  its 
hydrolysis.  ITterefore  the  methods  are  in  general  similar  and  have  been  used  chiefly  for  obtaining  simple  derivatives 
of  O-hydroxylamines.  The  direct  synthesis  of  O-hydroxy lamines  can  occur  only  in  the  case  of  obtaining  O-alkyl- 
hydroxy lamines  from  alcohols  and  chloroamines  [7]. 

The  purpose  of  the  present  work  is  to  seek  a  sufficiently  simple  and  general  method  for  synthesis  of  O-hydroxyl¬ 
amines  suitable  for  preparing  poly  functional  compounds.  As  a  result  of  a  detailed  study  of  various  derivatives  of 
hydroxylamine  it  was  found  that  the  most  suitable  for  this  purpose  was  the  ethyl  ester  of  acetohydroximic  acid  (hy- 
droxyiminoacetic  ester).  We  showed  that  it  formed  an  ether  on  the  oxygen  of  the  hydroxyimino  group  easily  and  in 
good  yield,  tlie  hydrolysis  of  which  with  formation  of  O-hydroxylamines  occurred  under  extremely  mild  conditions. 


C=NOIl 


-4  ur.i 

~  lu’.r 


CII3. 

CJI50/ 


C=N01’. 


-\  n,o+iici 


nONIH  •  MCI 


(I)  (11)  (III) 

u  =  (:H,(a),  -<:ii,cncoociij  (b),  -r.iijcucooc.ii,  (c). 


Cl 


Hr 


We  first  studied  the  alkylation  of  hydroxyiminoacetic  ester  (I).  The  sodium  derivative  of  (1)  and  metliyl  iodide 
quickly  reacted  in  alcohol  solution  at  room  temperature  and  formed  (Ila),  the  isolation  of  which  in  pure  form  was 
accompanied  by  great  loss  because  of  its  extreme  volatility.  When  the  alcoholic  solution  of  the  sodium  derivative 
of  (1)  was  condensed  with  the  methyl  esters  of  a,  6 -dihalo  substituted  propionic  acids,  there  was  selective  substitu¬ 
tion  of  the  B  -halogen  atom.  The  reaction  took  place  at  a  temperature  of-5  to  0°  and  gave  good  yields  of  (llb)  and 
(IIc).  We  also  studied  the  conditions  for  splitting  the  acetyl  protective  group  and  showed  that  hydrolysis  of  (II)  by 
molar  amounts  of  water  and  hydrogen  chloride  occurred  very  easily.  Thus,  with  a  nearly  quantitative  yield  we  ob¬ 
tained  the  corresponding  aminohydroxy  compound  (111)  in  the  form  of  the  hydrochloride. 

These  results  permit  us  to  believe  tliat  in  this  way  we  can  succeed  in  the  synthesis  of  O-acylhydroxy lamines. 
Actually,  benzoylation  of  (I)  in  absolute  ether  in  the  presence  of  tertiary  amines  led  to  (IV),  the  selective  hydrolysis 
of  which  gives  a  quantitative  yield  of  the  hydrochloride  of  O-benzoylhydroxylamine  (V). 


(I) v:  .;.V  C,;ll.-,(h)()N=C^  C0II5COONII2  •  IICl 

^OC.IIg 

(IVy  (V) 


It  is  interesting  to  note  that  (V)  is  the  first  product  of  acylation  of  hydroxylamine,  as  was  shown  in  1958  by 
American  authors  [8].  This  compound  was  recently  obtained  by  a  more  complex  method  [9]. 
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As  a  result  of  further  study  of  the  properties  of  the  hydroxyimino  ethers  it  was  shown  that  hydroxyiminoacetic 
ester  (I)  smoothly  undergoes  the  Michael  reaction  and  forms  in  good  yield  the  c(»responding  aminohydroxy  compound. 

II  II  /ClI;,  I  I 

(1)  -fc=c-n— *.  n-c-c-ON=cc  — ►  R-c-c-ONiii .  hci 

I  I  I  '"OC2II5  I  I 

R  =  CN.  COOCH,.  (VI) 

The  reaction  takes  place  in  the  presence  of  a  catalytic  amount  of  sodium  alcoholate  at  5-30*  in  the  course  of 
24-48  hours.  Hydrolysis  of  the  resulting  compound  by  molar  quantities  of  water  and  hydrogen  chloride  gives  the 
hydrochloride  of  (VI), 

Thus  our  method  for  the  synthesis  of  O-hydroxylamines  can  be  used  for  preparing  simple  alkyl  and  acyl  deriva¬ 
tives  and  for  introducing  the  grouping  NHjO-  into  more  complex  compounds.  We  believe  that  the  method  is  more 
general  than  those  described  earlier,  since  it  is  free  from  their  fundamental  deficiencies, 

EXPERIMENTAL 

0-Methylhydroxylamine  hydrochloride.  To  a  solution  of  sodium  methylate  [50  ml  of  dry  methyl  alcohol  and 
6  g  (0,26  g-at)  of  sodium]  we  added  25.8  g  (0,25  mole  of  hydroxyiminoacetic  ester  and  72  g  (0,5  mole)  of  methyl 
iodide.  The  mixture  was  stirred  at  20°  until  the  alkaline  reaction  disappeared,  poured  into  water,  the  oil  was  sepa¬ 
rated,  the  water  layer  was  extracted  with  etiier,  the  oil  and  the  ether  extract  were  combined,  dried  over  magnesium 
sulfate,  and  after  distillation  of  the  ether,  the  residue  was  fractionated.  We  obtained  12.5  g  (42.5^),  b.p,  44-46° 

(55  mm),  n^  1.4053. 

Found ‘7o:  N  12.26.  CgHuOzN.  Calculated  *70 ;  N  11.95. 

On  treatment  in  the  cold  of  an  ether  solution  of  7.5  g  of  0-methylhydroxyiminoacetic  ester  (Ha)  with  the  cal¬ 
culated  amount  of  water  and  hydrogen  chloride,  we  obtained  4.6  g  (88^0)  of  O-methylhydroxylamine  hydrochloride; 
m.p.  152-153°.  The  literature  [10]  gives  m.p.  151°. 

Found  *70:  Cl’ 42.74,  42.79.  CH^ONCl.  Calculated  *70 :  Cl' 42.46. 

O-Benzoylhydroxylamine  hydrochloride.  To  a  solution  of  11  g  (0.1  mole)  of  hydroxyiminoacetic  ester  and 
8  g  (0.1  mole)  of  dry  pyridine  in  absolute  ether  with  stirring  and  cooling  we  added  a  solution  of  14  g  (0.1  mole)  of 
benzoyl  chloride  in  ether.  We  stined  for  one  hour  at  20°,  poured  into  water,  washed  the  ether  layer  with  water, 
dried  it  over  magnesium  sulfate  and  after  evaporation  of  the  ether  obtained  11  g  (52f7o)  of  O-benzoylhydroxyimino- 
acetic  ester;  m.p.  74-75°  (from  ligroin). 

Found ‘7o;  N  6.93,  7.03.  CuHigO^N.  Calculated  *70:  N  6.76. 

To  a  solution  of  0.025  mole  of  O-benzoylhydroxyiminoacetic  ester  in  absolute  ether  we  added  equimolar  amounts 
of  water  and  an  ether  solution  of  hydrogen  chloride.  The  mixture  was  kept  for  24  hours  in  a  refrigerator  and  the  O- 
benzoylhydroxylamine  hydrochloride  was  filtered  off.  Yield  quantitative;  m.p.  123-124°  (with  foaming).  The  liter¬ 
ature  [9]  gives  m.p.  70-100°. 

Found  *70;  Cr  20.55,  20.63.  CTHgOfeNCl.  Calculated '7o:  Cl*  20.4. 

Ethyl  a-chl(Xo-  0  -aminohydroxy propionate  hydrochloride.  To  a  solution  of  sodium  methylate  [25.3  g  (1,1  g- 
at)  sodium  in  250  ml  of  methyl  alcohol]  we  added  150  g  (1.45  mole)  of  hydroxyiminoacetic  ester  and  at -6  to  0° 
we  added  dropwise  with  energetic  stirring  157  g  (1  mole)  of  methyl  a,  0  -dichloropropionate.  The  mixture  stood  at 
this  temperature  for  12  hours  and  was  poured  into  water.  The  oil  was  separated,  the  water  layer  was  extracted  with 
ether,  the  etiier  extract  was  combined  with  the  main  portion  of  oil  and  was  dried  over  magnesium  sulfate.  After  the 
ether  had  been  distilled  off  the  residue  was  distilled  in  a  vacuum.  Yield  87  g  (397o). 

B.p.  86-88°  (2  mm),  d^®  1.1477,  nf?  1.4483. 

Found®/®:  C  43.05,  43.08;  H  6.31,  6.28;  N  6.03;  Cl  15.78.  C8H14O4NCI.  Calculated *70:  C  42.96;  H  6.30; 

N  6.26;  Cl  15.85. 

A  solution  of  2.2  g  (0,01  mole)  of  the  condensation  product  in  anhydrous  alcohol  was  hydrolyzed  with  the 
calculated  amount  of  hydrogen  chloride  and  water,  the  alcohol  was  distilled  off,  the  residue  was  treated  with  ab¬ 
solute  ether  and  crystallized.  Yield  1.5  g  (707®),  m.p.  88-90°  (from  a  mixture  of  chlorofcxm  and  carbon  tetrachloride). 
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Found ‘Vo:  Cl’  16.69,  16.50.  C5M11O3NCIB.  Calculated  *70:  Cl'  16.25. 

Methyl  a-bromo-  8  -aminohydroxypropionate  hydrochloride.  In  a  manner  analogous  to  the  preceding,  130  g 
(1.25  mole)  of  hydroxy iminoacetic  ester,  246  g  (1  mole)  of  methyl  a,  8  -dibromopropionate  and  a  solution  of  sodium 
methylate  [25.3  g  (1.1  g-at)  sodium  and  25.0  ml  of  methyl  alcohol]  gave  160  g  {6(flo). 

B.  p,  82’  (1.5  mm),  nj^  1.4658,  d^®  1.3315. 

Found  *70:  N  5.41,  5.23;  Br  30.09,  29.74.  C8llj404NBr.  Calculated  "/o;  N  5.22;  Br  29.81. 

Hydrolysis  of  a  solution  of  0.025  mole  of  condensation  product  in  absolute  ether  witfi  equivalent  amounts  of 
water  and  hydrogen  chloride  gave  an  oily  hydrochloride  of  methyl  a-bromo-8 -aminohydroxyprop'onate. 

Hydrochloride  of  the  nitrile  of  8  -aminohydroxypropionic  acid.  To  a  solution  of  11  g  (0.1  mole)  of  hydroxy- 
iminoacetic  ester  in  dry  dioxane  we  added  0.1  mole  of  sodium  ethylate  and  then  6  g  (0.1  mole)  of  acrylonitrile. 

We  stirred  for  48  hours  at  30’,  neutralized  with  an  alcoholic  solution  of  hydrogen  chloride  and  fractionated.  Yield 
7g  (50'7>). 

B.p.  78-81’  (3  mm),  ng  1.4381. 

Found  “70;  C  54.38,  54.32;  H  8.14,  8.18.  CyHjjOzN.  Calculated  C  53.83;  H  7.74. 

We  hydrolyzed  14.1  g  of  the  cynoethylation  product  with  the  calculated  amount  of  hydrogen  chloride  and  water. 
We  obtained  10.2  g  (82^o)  of  the  hydrochloride  of  the  nitrile  of  8 -aminohydroxypropionic  acid,  m.p.  131’. 

Found‘7o:  N  22.70,  22.75;  Cl’ 29.21,  29.33.  C3H7ON2CI.  Calculated '7°:  N  22.86;  Cl'  28.93. 

Methyl  8 -aminohydroxypropionate  hydrochloride.  To  33  g  (0.32  mole)  of  hydroxy  iminoacetic  ester  we  added 
a  solution  of  0.2  g  of  sodium  in  5  ml  of  methanol,  cooled  to  0’  and  added  21.5  g  (0.25  mole)  of  methyl  acrylate. 

We  kept  the  mixture  for  48  hours  in  a  refrigerator,  washed  three  times  with  water,  dried  with  magnesium  sulfate, 
and  distilled.  Yield  36  g  (76^o). 

B.p.  100-102’  (11  mm),  np  1.4326,  d^°  1.0311. 

Found  I0:  C  50.52;  H  8.04;  N  7.63.  C8H,s04N.  Calculated  C  50.78;  H  7.99;  N  7.45. 

Hydrolysis  was  carried  out  as  before  with  a  quantitative  yield  of  methyl  8 -aminohydroxypropionate  hydro¬ 
chloride  in  the  form  of  a  very  hygroscopic  crystalline  substance. 

Found ‘7o:  Cl’ 21.60.  C4HioO^NCl.  Calculated  *70 :  Cl’ 22.79. 

SUMMARY 

We  have  worked  out  a  new  method  for  the  synthesis  of  O-hydroxylamines  and  obtained  a  number  of  their 
derivatives. 
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In  the  present  work  we  have  described  the  synthesis  of  trifluoroacrylic  esters. 

The  preparation  of  trifluoroacrylates  was  previously  carried  out  by  zinc  dehalogenation  of  a-bromo-  6-chloro- 
trifluoropropionic  acid  [1]  or  alkyl  a, 5  -dibromotrifluoropropionates  [2].  Knunyants  and  co-workers  successfully  used 
the  reaction  of  Normant  for  the  synthesis  of  trifluoroacrylic  acid  [3].  Methyl  trifluoroacrylate  was  obtained  by  de- 
hydrofluorination  of  methyl  a-hydrotetrafluoropropionate  [4]. 

We  have  worked  out  a  new  path  for  preparing  esters  of  trifluoroacrylic  acid  by  dehalogenation  of  the  undescribed 
and  more  accessible  a-chloro-  0  -bromotrifluOTopropionates.  The  starting  a-chloro-0  -bromotrifluoropropionic  acid 
was  obtained  by  potassium  permanganate  oxidation  of  2-chloro-l-bromo-l,l,2-trifluoro-3-pentene,  easily  synthesized 
starting  from  perfluorovinyl  chloride,  propylene,  and  bromine  [5], 

CF.,nrCFClCII=CIICIlT  CF,niCFClC001l 

’  -ClIjCOOH 

Direct  esterification  of  the  chlorobromotrifluoropropionic  acid  or  through  its  acid  chloride  gave  the  methyl, 
thiomethyl,  ethyl,  and  phenyl  esters  of  this  acid. 

In  the  dehalogenation  by  zinc  in  ether  of  alkyl  a-chloro-0  -bromotrifluoropropionates  we  unexpectedly  met  with 
unforseen  difficulties.  We  found  that  when  we  ran  this  reaction  in  absolute  ether  which  did  not  contain  alcohol,  split¬ 
ting  of  the  halogen  took  place  to  the  extent  of  60-70^0,  but  the  chief  reaction  product  was  alkyl  a-ethyl-  0  -ethoxy - 
trifluoropropionate  along  with  a  small  amount  of  alkyltrifluoroacrylate  (lOP/o  on  the  propionate).  The  obtaining  of 
alkyl  ethylethoxypropionate  was  connected  with  the  addition  reaction  of  fragments  of  ether  to  the  intermediately 
formed  alkyl  trifluoroacrylate. 

Actually,  the  perfluoroacrylic  system  of  atoms  is  distinguished  by  an  unusual  tendency  to  nucleophilic  addition, 
as  was  shown  in  the  case  of  the  reaction  of  alcohols  and  phenols  added  to  perfluoroacrylonitrile  under  ordinary  con¬ 
ditions  even  in  the  absence  of  alkaline  catalysts  [6].  This  property  of  the  alkyl  trifluoroacrylates,  as  our  experiments 
showed,  excludes  the  possibility  of  dehalogenation  by  zinc,  foe  example  in  the  case  of  methyl  chlorobromotrifluoro- 
propionate  in  methanol,  since  the  trifluoroacrylate  which  is  formed  is  completely  converted  by  adding  methanol  into 
a-hydro-  0  -methoxytrifluoropropionate.  The  direction  of  addition  of  the  elements  of  the  alcdhol  molecule  (alkoxyl 
and  hydrogen)  and  the  structure  of  the  resulting  alkoxytrifluoropropionate  are  determined  by  the  nucleophilic  nature 
of  this  reaction,  which  results  in  formation  of  o -hydropropionate. 

CF2nrCFClCOOn+R'OH-f  Zn  - - - ICFj^CFCOOn) - - 

*"Z»n  htj— ZiFiviij 

- R'OCFaCFHCOOn 

Since  the  alkyl  trifluoroacrylates  do  not  add  ethers  even  on  boiling,  the  formation  of  a-ethyl-  0  -ethoxypro- 
pionates  in  the  dehalogenation  reaction  is  evidently  due  to  the  zinc  chloride  or  bromide.  As  is  known,  zinc  halides 
form  stable  complexes  with  ether.  It  is  natural  to  suppose  that  in  such  complexes  the  ether  C-0  bond  is  polarized 
more  than  in  free  ethers  which  raises  its  nucleophilic  activity.  With  the  unusually  high  activity  of  the  fluorinated 
acrylates  toward  nucleophilic  addition  this  polariation  of  the  C-0  bond  in  the  ether  complex  is  enough  for  such  a 
sharp  lowering  of  the  activation  energy  of  the  ether  addition  reaction  that  it  becomes  possible  at  30-35*. 

The  order  of  addition  of  the  ethoxy  and  ethyl  radicals  in  this  reaction  comes  from  its  nucleophilic  nature, 
analogously  to  the  nature  of  addition  of  alcohols,  and  should  lead  to  formation  of  0  -ethoxytrifluoropropionates. 
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^0  •  Za=Cl, 
C,H* 


•S*  0 
C  =C 


I 

'  OR 


-ZnCU 


njHjOCFjCFCCiHjlCOOR 


This  new  addition  of  reaction  of  ethers  to  fluorinated  ethylene  compounds  in  the  presence  of  zinc  halides 
deserves  further  study. 

The  reality  of  the  above  ideas  on  the  mechanism  of  this  reaction  and  the  role  of  the  complexes  of  zinc  halides 
with  ether  can  be  confirmed  by  the  results  of  the  experiments  described  below.  Assuming  that  moistening  of  the  ether 
used  in  the  dehalogenation  of  the  chlorobromotrifluoropropionates  could  cause  difficulties  in  formation  of  the  com¬ 
plex  with  the  zinc  dihalides  which  are  formed,  due  to  the  great  tendency  of  the  latter  to  become  solvated  with  water. 
We  carried  out  such  experiments  in  the  hope  of  increasing  the  yield  of  alkyl  trifluoroacrylates.  This  expectation 
was  fulfilled:  the  formation  of  trifluoroacrylate  from  methyl  chlorobromotrifluoropropionate  became  the  main  reac¬ 
tion  (yield  up  to  40^0),  and  the  ethylethoxytrifluoropropionate  became  a  by-jxoduct. 


(:r.,i{rc:Fcic:" 


on 


M  II 


ZnX..  .  n,o 


The  trifluoroacrylates  are  capable  of  copolymerization  with  other  vinyl  monomers. 

EXPERIMENTAL 

1.1.2- Trinuoro-2-chloro-l,2-dibromoethane  (CF2BrCFClBr).  This  was  obtained  according  to  [5]  from  164  g 
of  bromine  and  trifluorochloroethylene.  Yield  245  g  (S'flo). 

B.  p.  91-93”,  d4®  2.318,  n^  1.4275. 

1.1.2 - Trifluoro-2-chloro-l,4-dibromopentane  (CF2BrCFClCH2CHBrCH3).  This  was  obtained  according  to  [5] 
from  375  g  of  l,l,2-trifluoro-2-chloro-l,2-dibromoethane,  20  g  of  propylene,  and  4.5  g  of  benzoyl  peroxide.  Yield 
106.5  g. 

B.  p.  65-67"  (11  mm),  d4^  1.890,  1.4560. 

1.1.2- Trinuoro-2-chloro-l-bromo-3-pentene  (CF2BrCFClCH=  CHCH3).  To  170  g  of  1,1,2 -trifluoro-2 -chloro- 
1,4-dibromopentane  we  added  dropwise  with  stirring  during  three  hours  a  solution  of  34  g  of  potassium  hydroxide  in 
420  ml  of  ethanol.  After  the  end  of  addition  stirring  was  continued  for  0.5  hour  more  and  then  the  reaction  mixture 
was  filtered  from  the  precipitated  potassium  bromide  and  an  oily  layer  was  precipitated  from  the  filtrate  with  water; 
this  was  separated  and  dissolved  in  ether.  The  ether  extract  was  washed  three  to  four  times  with  water  and  dried 
with  CaC]2«  After  distillation  of  the  ether  and  two  fractionations  we  obtained  61  g  (48^7o). 

B.p.  66-67'  (93  mm),  ^4  1.589,  ng  1.4220,  MRp  37.9;  calc.  37.4.  Literature  data  [5]:  b.p.  74-75"  (93  mm), 

^4  1.568,  ni^  1.4100. 

Found  ^0:  C  25.29,  25.18;  H  2.29,  2.54;  F  23.02,  22.66;  Cl  13.91,  14.11;  Br  32.35,  32.44.  CsUgFClBr.  Cal¬ 
culated  "/o:  C  25.20;  H  2.10;  F  24.00;  Cl  14.90;  Br  33.70. 

a-Chloro-  0 -bromotrifluoropropionic  acid  (CF2BrCFClCOOH).  To  a  solution  of  100  g  of  potassium  permanganate 
in  500  ml  of  water  with  energetic  stirring  at  60“  we  added  dropwise  during  five  hours  75  g  of  l,l,2-trifluoro-2-chloro- 
l-bromo-3-pentene.  After  the  end  of  the  addition  the  reaction  mixture  was  stirred  for  30  minutes  more.  Then  it  was 
cooled  to  10",  acidified  with  300  ml  of  l^o  sulfuric  acid,  and  after  cooling  with  ice  water,  was  treated  with  sulfur 
dioxide  to  full  decoloration.  The  unreacted  trifluorochlorobromopentene  (17  g)  was  separated  and  the  aqueous  so¬ 
lution  was  extracted  with  ether  (3  times,  70  ml).  The  ether  extract  was  dried  over  Na2S04  and  then  fractionated. 

Yield  16  g  (21^0), 

B.  p.  78-80"  (5  mm),d4®  1.949,  nJJ  1.4180,  MR^  31.2;  calc.  30.2;  acid  equiv.  244;  calculated  241.5. 

Found C  15.44,  15.21;  11  0.91,  0.84;  F  22.19,  22.66;  Cl  13.94,  13.78;  Br  32.16,  32.07.  C3H02F3ClBr.  Cal¬ 
culated  I0:  C  14.9;  H  0.4;  F  23.6;  Cl  14.7;  Br  33.1. 

Methyl  a-chloro-  0 -bromotrifluoropropionate  (CF2BrCFClCOC)CH3).  A  mixture  of  58  g  of  a-chloro-  0- 
bromotrifluoropropionic  acid,  115  ml  of  methanol,  and  41  ml  of  concentrated  sulfuric  acid  was  boiled  for  nine  hours 
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and  then  cooled  1.5-2  hours  at  0*.  The  heavy  oily  layer  was  separated  and  dissolved  in  ether.  The  ether  solution 
was  washed  two  to  three  times  widi  a  solution  of  NaHCOg,  with  water,  and  was  dried  over  calcium  chloride.  Yield 
30.5  g  (50^). 

B.p.  71-72’  (57  mm),  (ft®  1.782,  ng  1.4056,  MRd  35.19;  calc.  34.65. 

Found‘d:  C  19.43,  19.44;  H  1.64,  1.72;  F  21.43,  21.71;  Cl  13.32,  13.56;  Br  30.12,  30.56.  C^jO^FjClBr.  Cal- 
cuUted*^:  C  18.80;  H  1.17;  F  22.30;  Cl  13.80;  Br  31.20. 

Ethyl  «-chloro- fl-bromotrifluocopropionate  (CF2BrCFClCOOC2H5).  This  was  obtained  like  the  methyl  ester. 

Ftom  50  g  of  a-chloro-  0 -bromotrifluoropropionic  acid,  106  ml  of  anhydrous  alcohol,  35  ml  of  concentrated  sulfuric 
acid.  Yield  27.4  g. 

B.  p.  83-84*  (60  mm),  d^®  1.666,  ng  1.4058,  MR^  39.71;  calc.  40.17. 

Found  C  23.16,  23.05;  H  1.92,  2.13;  F  19.77,  19.66;  Cl  12.62,  12.41;  Br  28.40,  27.92.  CgHsqjFaClBr.  Cal¬ 
culated*^:  C  22.26;  H  1.85;  F  21.10;  Cl  13.16;  Br  29.60. 

Methyl  trlfluOToacrylate  (CF2  =  CFCOOCH3).  In  200  ml  of  moist  ether,  free  from  alcohol,  obtained  by  washing 
commerical  ether  with  a  saturated  water  solution  of  calcium  chloride  and  then  with  water,  was  quickly  added  30  g 
of  dry  zinc  dust  activated  with  copper.  To  the  mixture  was  added  with  energetic  stirring  dropwise  over  1.5  hours  a 
solution  of  45  g  of  methyl  a-chloro-  0-bromotrifluoropropionate  in  50  ml  of  ether.  The  reaction  mixture  began  to 
boil  spontaneously  and  such  boiling  was  maintained  by  the  rate  of  addition  of  methyl  trifluorochlorobromopropionate. 
After  the  end  of  spontaneous  heating  the  mixture  was  maintained  at  a  weak  boil  for  three  more  hours.  Then  it  was 
cooled,  filtered,  washed  with  cold  water  to  disappearance  in  the  wash  water  of  halogen  ion,  dried  well  over  calcium 
chloride,  and  fractionated.  We  first  collected  the  fractions;  1st  70-110°,  13.1  g;  2nd  50-100°  (30  mm),  4.7  g. 

After  distillation  of  the  first  fraction  we  collected  9.3  g  of  methyl  trifluoroacrylate  (yield  38f7o), 

B.p.  84.5-85.5°,  d^®  1.3555,  ng  1.3585,  MRp  22.70;  calc.  22.46. 

Found  *70;  C  34.74,  34.81;  H  2.95,  2.97;  F  40.46,  40.78.  C4li30iF3.  Calculated  %.  C  34.28;  H  2.11;  F  40.71. 

On  distillation  of  the  second  fraction  we  obtained  3  g  of  methyl  (a -ethyl-  6 -ethoxy )trifluoropropionate. 

B.  p.  78-80°  (7  mm),  d^®  1.195,  ng  1.3911,  MR^  42.55;  calc.  42.44. 

Found  *70;  C  45.62,  46.08;  H  6.03,  6.18;  F  23.91,  24.61;  OR  34.10,  34.30,  M  217.  CgHoOiFa.  Calculated  *7o: 

C  44.81;  H  6.07;  F  26.60;  OR  35.50;  M  214. 

Methyl  a-ethyl-0  -ethoxytrifluoropropionate  [C2H50CF2CF(C2H5)C00CH3].  In  120  ml  of  absolute  ether  we 
placed  30  g  of  zinc  dust  activated  by  copper,  along  with  30  ml  of  absolute  ether,  and  gradually  added  40  g  of  methyl 
a-dilOTO-0  -bromotrifluoropropionate.  Further  treatment  occurred  as  in  the  previous  experiment.  From  the  resulting 
product  we  isolated  two  fractions:  the  first,  b.p.  84-86°,  2.8  g  (12?7»),  corresponding  in  constants  to  methyl  trifluoro¬ 
acrylate;  the  seond  with  b.p.  78-80°  (7  mm),  7.0  g  (21*70),  corresponding  in  constants  to  the  methyl  a -ethyl  -  0  -ethoxy - 
triHuoropropionate  described  in  the  previous  experiment. 

Ethyl  trifluoroacrylate  (CF2=  CFCOC)C2H5).  This  was  obtained  like  the  methyl  trifluoroacrylate  from  18  g  of 
ethyl  a-chloro-  0  -bromotrifluoropropionate,  75  ml  of  moist  ether,  and  10  g  of  zinc  dust  activated  with  copper.  Yield 
4.3  g  (43^7)). 

B.  p.  100-101°  (750  mm),  d^®  1.212,  ng  1.3618.  Literature  data  (2]:  b.p.  100-100.5°  (750  mm),  ng  1.3615. 

Ethyl  g -ethyl -  0 -ethoxytrifluoropropionate  [C2H5C)CF2(QH5)CFCOOC2H5].  This  was  obtained  in  the  same  way 
as  the  methyl  a-ethyl-  0  -ethoxypropionate  from  16  g  of  ethyl  a-chloro-  0  -bromotrifluoropropionate,  100  ml  of 
absolute  ether,  and  15  g  of  zinc  dust.  Yield  2.7  g  (29^o)  of  ethyl  trifluoroacrylate  and  1.6  g  (12^7°)  of  ethyl  a-ethyl,- 
0  -ethoxytrifluoropropionate. 

B.  p.  96-97°  (10  mm),  d^®  1.154,  ng  1.3945,  MR^  47.31;  calc.  47.67. 

Found  *7>:  C  48.10,  47.99;  H  6.51,  6.62;  CjHgO  38.50,  38.30.  CgHyO^Fs.  Calculated  *7®;  C  47.36;  H  6.57; 

GjHgO  39.40. 
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a-Cliloro-  B -bromotrifluoropropionic  acid  chloride  (CF2BrCFClCOCl).  We  mixed  35  g  (0.14  mole)  of  a-chloro- 
B -bromotrifluoropropionic  acid  and  47  g  (0.33  mole)  of  benzoyl  chloride.  At  once  in  the  reaction  mixture  HCl  was 
evolved  and  by  heating  the  Claisen  flask  on  an  oil  bath  the  resulting  acid  chloride  gradually  distilled  off,  raising  the 
temperature  of  the  outgoing  vapor  from  70  to  115°.  Yield  15.5  g  (41‘yo). 

R.  p.  106-108°  (750  mm).  1.905,  n^  1.4130,  34.03;  calc.  34.53. 

Found  ‘y-:  C  13.84,  14.02;  F  20.58,  20.98;  Cl  26.70,  26.78;  Br  29.70,  30.03;  Cl  hydrolyzable  13.60.  CjOFaClBr. 
Calculated  Cl  13.84;  F  21.92;  Cl  27.30;  Br  30.70;  Cl  hydrolyzable  13.65. 

Methyl  a-chloro-  B -bromothiotrifluoropropionate  (CF2BrCFClCOSCM3).  To  10  g  of  lead  methylmcreaptide  in 
50  ml  of  absolute  ether  with  stirring  for  one  hour  we  added  14  g  of  a-chloro- B -bromotrifluoropr  pionyl  chloride. 

Then  the  mixture  was  heated  for  two  hours  with  weak  boiling  of  the  ether,  allowed  to  stand  overnight,  and  filtered. 
After  distillation  of  the  solvent  we  collected  fractions:  first  to  60°  (20  mm),  1.6  g;  second  61-80°  (20  mm),  13.2  g. 

By  repeated  distillations,  tlie  second  fraction  gave  12  g  (82%)  of  methyl  thio-a-chloro- B -bromotrifluoro- 
propionate. 

R.  p.  74-75°  (20  mm),  d4°  1.810,  n^  1-4570,  MRp  40.85;  calc.  41.60. 

Found  %:  C  18.02,  17.76;  11  1.13,  1.21;  F  20.14,  20.02;  Cl  12.86,  12.66;  Br  28.93,  28.74;  S  10.13,  10.19. 
C4ll30F3ClBrS.  Calculated  %:  C  17.67;  11  1.10;  F  20.99;  Cl  13.07;  Br  29.40;  S  11.78. 

Methyl  thiotrifluoroa  cry  late  (CF2  =  CFCOSCll3).  This  was  obtained  like  methyl  trifluoroacrylate  from  20  g  of 
methyl  a-chloro-B-bromotrifluoropropionate,  100  ml  of  moist  ether,  and  15  g  of  zinc  dust.  Yield  2.0  g  (40%).  We 
recovered  11.5  g  of  starting  product. 

R.  p.  67-68°  (230  mm),  (^4  1.396,  n^  1.4375,  MRp  29.30;  calc.  28.5. 

Found  %:  C  30.11,  30.30;  11  1.72,  2.01;  F  34.60,  34.26;  S  19.72,  19.95.  C4II3OF3S.  Calculated  %:  C  30.77; 

II  3.92;  F  36.50;  S  20.50. 

Phenyl  a-chloro-  B -bromotrifluoropropionate  (CF2BrCFClCOOC6ll5).  To  a  solution  of  34  g  of  a-chloro-  B- 
bromotrifluoropropionyl  chloride  in  66  ml  of  absolute  ether  with  cooling  to  0°  and  stirring  we  added  dropwise  a  so¬ 
lution  of  23.5  g  of  dry  pyridine  in  26  ml  of  absolute  ether  during  40  minutes.  After  the  end  of  the  addition,  stirring 
was  continued  for  anodier  30  minutes.  Then  at  room  temperature,  we  added  9.3  g  of  phenol  in  40  ml  of  absolute 
etlier  and  boiled  the  mixture  for  three  hours.  When  the  mixture  had  been  cooled  to  room  temperature  it  was  washed 
witli  90  ml  of  water  for  solution  of  the  precipitate,  and  the  water  layer  was  separated.  The  ether  layer  was  washed 
with  hydrochloric  acid  1  :  5  (6  •  25  ml),  dried  over  CaCl2,  and  fractionated.  Yield  6C%,  based  on  the  starting  phenol. 

B.  p.  103-104°  (8  mm),  d^®  1.644,  np  1.4792,  MR^,  54.70;  calc.  55.04. 

Found  %:  C  33.05,  33.40;  H  1.59,  1.85;  F  16.32,  16.45;  Cl  11.13,  11.18;  Br  25.08,  25.10.  C9H50^F3ClBr.  Cal¬ 
culated  %:  C  34.01;  H  1.57;  F  17.94;  Cl  11.11;  Br  25.19. 

Phenyl  trifluoroacrylate  (CF2  =CFCOC)C6H5).  Treatment  was  carried  out  in  the  same  way  as  in  the  preparation 
of  methyl  trifluoroacrylate.  From  10  g  of  phenyl  a -chloro-B -bromotrifluoropropionate,  5  g  of  zinc  dust  activated 
with  copper,  and  45  ml  of  moist  ether, we  isolated  3.5  g 

B.  p.  80-81°  (10  mm),  d^®  1.348,  n?^  1.4724,  MRj)  41.99;  calc.  41.95. 

Found  %:  C  52.19,  52.50;  H  2.78,  2.99;  F  26.90,  27.00.  CgHjO^Fa.  Calculated  %;  C  53.46;  H  2.47;  F  28.21. 

Methyl  a-hydro-  B -methoxytrifluoropropionate  (CH30CF2CHFC0C)CH3).  To  a  mixture  consisting  of  25  ml  of 
methanol  and  5  g  of  zinc  dust  activated  by  copper  we  added  gradually  with  stirring  a  solution  of  10  g  of  methyl  a- 
chloro-  B  -bromotrifluoropropionate  in  5  g  of  methanol.  The  reaction  mixture  grew  warm  spontaneously.  At  the  end 
of  the  addition,  the  mixture  was  boiled  for  two  hours,  then  cooled,  filtered,  and  22  ml  of  methanol  was  distilled  off; 
from  the  residue  we  precipitated  with  water  5.5  g  of  crude  product  which  was  dissolved  in  ether  and  dried  over  CaC]2. 
The  ether  was  distilled  off  and  the  residue  was  fractionated.  Yield  4.3  g  (64%). 

B.  p.  151-152°  (750  mm),  d^®  1.301,  nfj®  1.3658,  MRp  29.59;  calc.  29.19. 

Found  %:  C  35.48,  35.15;  H  3.66,  3.42;  F  31.87,  31.43;  CH3O  35.62,  35.40.  C5H70^F3.  Calculated  %:  C  34.88; 
H  4.07;  F  33.13;  CH3O  36.04. 
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SUMMARY 

1.  Dehalogenation  by  zinc  of  a-diloro-B-bromotrifluoropropIonic  esters  gave  methyl,  ethyl,  phenyl,  and 
methyl  thiotrifluoroacrylates,  which  were  characterized. 

2.  It  was  shown  that  by  ihe  action  of  zinc  on  alkyl  chlorobromotrifluoropropionates  in  ether,  besides  the  for¬ 
mation  of  the  trifluoroacrylates,  there  was  addition  of  ether  at  the  double  bond  of  the  latter  with  formation  of  alkyl 
a -ethyl  -  6  -ethoxy  trifluoropropionates. 

3.  In  die  dehalogenation  of  methyl  chl(»obromotrifluoropropionate  in  methanol  there  was  formed  only  B  - 
nethoxy-  a -hydrotrifluoropropionate  as  a  result  of  addition  of  the  alcohol  to  the  intermediately  formed  methyl  tri- 
luoroa  cry  late. 

4.  a-Chloro-  fl-bromotrifluoropropionic  acid  and  some  of  its  derivatives  were  synthesized  and  characterized. 
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After  we  had  studied  the  reactions  of  cyanamide  with  monobasic  acids  [1,  2],  we  decided  to  discover  the  effect 
on  the  course  of  the  process  of  different  substituents  in  the  a -position  to  the  carboxyl  group.  Since  the  strongest  action 
should  be  shown  by  substituents  with  a  negative  inductive  effect,  we  used  for  the  experiments  mono-,  di-,  and  tri¬ 
chloroacetic  acids,  a -chloropropionic,  and  phenylacetic  acids.  The  process  was  studied  under  mild  conditions  (in  a 
solution  of  benzene  or  dioxane  at  95-98°)  and  under  more  severe  conditions  (in  o-xylene  solution  at  125-135°,  and 
for  phenylacetic  acid,  at  150°).  The  results  showed  that  the  reaction  mechanism  for  halogen  substituted  acids  was 
the  same  as  for  the  unsubstituted  monobasic  acids. 

2RGOOH  +  HgNCN  — ►  (RG0)20  +  H2NCONH2 
(RG0)20  +  H2NGONH2  RGOHNGONII2-I-  RGOOII 
RGOOH  4- H2NGONH2  — >  RGONH2  4- CO2  4- NH3 

The  relative  amounts  of  monoureides  and  amides  formed  and  their  total  yield  depended  on  the  reaction  con¬ 
ditions.  If  the  reaction  of  cyanamide  with  these  acids  took  place  under  mild  conditions,  monochloroacetic  acid  re¬ 
acted  with  formation  of  the  monoureide  (31‘yo)  and  the  amide  (11*7®).  Dichloroacetic  acid  in  benzene  preferably 
formed  amide  (up  to  51®/®),  but  in  dioxane  it  gave  only  a  small  amount  of  the  monoureide.  TrichlMoacetic  acid 
formed  only  the  monoureide  (31*7®),  a -chloropropionic  acid  formed  the  monoureide  (25^®),  and  phenylacetic  acid  the 
amide  (5(17®). 

In  carrying  out  the  reaction  under  more  severe  conditions  we  raised  the  yield  of  amide.  The  ureide  was  not 
separated  in  this  case,  A  constant  side  product  under  these  conditions  was  cyanuric  acid,  formed  in  amounts  of  3-57®. 
From  monochloroacetic  acid  and  cyanamide,  chloroacetamide  was  obtained  in  75*7®  yield.  Trichlcxoacetamide  was 
obtained  with  a  yield  of  727®,  a-chloropropionamide,  27.77®,  and  phenylacetamide,  787®.  While  under  mild  con¬ 
ditions  of  the  experiment  the  dissociation  constant  of  the  acid  did  not  affect  the  direction  of  the  reaction,  under 
severe  conditions  the  main  direction  of  the  reaction  was  the  formation  of  the  amide,  and  the  dissociation  constants 
of  the  acids  in  this  case  had  some  effect.  The  increased  yield  of  amide  and  the  absence  of  monoureides  in  the  re¬ 
action  products  could  be  explained  by  the  fact  that  the  acyl  urea  was  decomposed  at  higher  temperatures  into  the 
corresponding  amide  and  cyanic  acid  according  to  the  mechanism  of  [3]. 

RGOIINGONII2  — >  RGONH24- llOCN.  (2) 

(3ur  results  agree  with  the  studies  of  Rahman  [4-6]  which  showed  that  in  the  reaction  of  urea  with  substituted 
acids  containing  Cl,  NH2,  OH,  CO,  etc.,  amides  in  general  were  not  formed  or  were  obtained  in  small  yields.  The 
fact  that  under  mild  conditions  ureides  were  preferentially  obtained  and  not  amides,  confirmed  the  above.  The  in¬ 
crease  in  yield  of  amides  when  the  temperature  was  raised  can  be  due  chiefly  to  reaction  (2). 

Actually,  not  only  in  substituted  acids,  but  also  in  higher  unsaturated  acids,  with  slight  rise  in  temperature  we 
isolated  only  the  corresponding  amides  and  cyanuric  acid.  This  confirms  the  transformation  of  ureides  into  amides. 
We  should  also  remark  that  raising  the  temperature  for  the  halogen  substituted  acids  above  140°  causes  tarring  of  the 
product  and  decreased  yield  of  amide. 
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Substance 

M.  j 

P. 

*70  N  1 

Yield  (in  *70) 

literature 

value 

found 

calcu¬ 

lated 

found 

at  tem¬ 
peratures 

to  100° 

at  tern  - 

peratures 
to  125-135° 

Chloroacetamide  . 

120° 

120° 

14.95 

14.25 

11.5 

75.0 

Chloroa cetyl  urea  . 

189 

188 

20.05 

20.0 

31.0 

- 

Dichloroacetamide . 

95 

94 

10.93 

10.0 

30.0 

- 

Trichloroacetamide . 

141 

142 

3.61 

8.92 

- 

72.5 

Trichloroacetyl  urea . 

156 

156 

13.6 

13.37 

31.0 

- 

a-Chloropropionamide . 

80 

79 

13.02 

12.09 

27.7 

- 

a  -Chloropropionyl  urea . 

- 

151 

18.6 

18.0 

— 

25.0 

Phenylacetamide . 

156 

156 

10.36 

10,6 

78 

The  method  we  have  proposed  for  obtaining  the  amides  of  halogen  substituted  acids  differs  from  the  usual 
process  [7-13]  by  its  simplicity  and  ease.  The  amides  which  are  obtained  contain  almost  no  contaminants.  Since 
the  amides  of  chlorine  substituted  acids  can  be  used  in  agriculture,  and  phenylacetamide  is  already  used  in  the  or¬ 
ganic  synthesis  industry,  this  new  method  can  have  practical  significance. 

EXPERIMENTAL 

Reaction  of  cyanamide  with  monochloroacetic  acid  was  carried  out  in  a  three -necked  flask  with  a  condenser, 
dropping  funnel,  and  thermometer.  The  top  of  the  condenser  was  connected  with  two  wash  bottles  (one  with  water  and 
indieator  to  remove  hydrogen  chloride  and  the  other  with  baryta  water  to  remove  carbon  dioxide).  In  the  flask  we 
placed  16  g  of  chloroacetic  acid,  3  g  of  cyanamide,  and  25  ml  of  benzene.  Reaction  took  place  at  90-95°  in  four 
hours.  During  the  reaction  there  was  slight  evolution  of  carbon  dioxide;  hydrogen  chloride  was  scarcely  evolved. 

When  the  solution  was  cooled,  white  crystals  of  monoureide  precipitated  which  were  filtered  off  and  erystallized 
from  40^0  alcohol.  The  yield  of  monoureide  was  3.1  g  (31®/o).  The  solvent  was  distilled  from  the  filtrate  in  a  vacu¬ 
um.  To  tfie  resulting  viscous  liquid  we  added  ice  water  to  precipitate  the  amide.  The  precipitate  was  washed  with 
etiier.  Yield  of  amide  1.5  g  (11.27^0). 

For  carrying  out  the  reaction  under  severe  conditions  23  g  of  chloroacetic  acid  and  35  ml  of  o -xylene  were 
plaeed  in  a  three  necked  flask  as  described  above.  To  the  solution,  heated  to  100°,  we  added  dropwise  during  half 
an  hour  5  g  of  melted  cyanamide.  The  temperature  of  the  reaction  mass  rose  first  to  120°,  and  then  to  130°.  Re¬ 
action  took  three  hours.  During  the  reaction  a  large  amount  of  carbon  dioxide  and  a  small  amount  of  hydrogen  ehloride 
were  evolved.  At  the  end  of  the  reaction  the  hot  xylene  solution  was  poured  into  a  beaker.  An  abundant  precipitate 
of  amide  precipitated  from  the  xylene  when  it  cooled.  The  precipitate  was  separated  and  washed  with  ether.  Yield 
of  amide  16.6  g  (iSlo).  A  small  amount  of  precipitate,  insoluble  in  hot  xylene,  remained  at  die  bottom  of  the  re¬ 
action  flask  (cyanuric  acid  and  its  ammonium  salt). 

Reaction  of  cyanamide  with  dichloro-  and  trichlcxoacetic  acids,  a)  Reaction  with  dichloroacetic  and  tri¬ 
chloroacetic  acids  was  carried  out  under  the  mild  conditions  described  above.  We  took  28  g  of  dichloroacetic  acid, 

24  g  of  trichloroacetic  acid,  and  respectively,  3  g  of  cyanamide.  During  the  reaction  there  was  evolution  of  carbon 
dioxide.  The  end  of  the  reaction  was  indicated  by  cessation  of  carbon  dioxide  evolution.  The  reaction  mass  (in  the 
case  of  the  dichloroacetic  acid)  was  distilled  in  a  vacuum.  The  distilled  dichloroacetamide  was  dried  in  a  vacuum 
over  dry  potassium  hydroxide.  In  the  case  of  trichloroacetic  acid  the  amide  was  not  isolated.  White  crystals  of 
monoureide  of  trichloroacetic  acid  precipitated  from  the  cooled  solution  and  were  crystallized  from  bCPjo  alcohol. 

The  yield  of  dichloroacetamide  was  4  g  (5Cf/o).  The  yield  of  monoureide  of  trichloroacetic  acid  was  5.3  g  (31*70). 

b)  For  trichloroacetic  acid  we  carried  out  the  reaction  under  more  severe  conditions.  In  the  reaction  flask 
we  placed  40  g  of  trichloroacetic  acid  and  40  ml  of  o-xylene,  heated  the  solution  to  90°  and  added  dropwise  5  g  of 
melted  cyanamide.  Reaction  was  violent  with  evolution  of  carbon  dioxide  and  a  slight  amount  of  hydrogen  chloride. 
The  reaction  temperature  was  125-135°.  Duration  of  heating  was  three  hours.  The  hot  xylene  solution  was  poured 
into  a  beaker,  and  from  the  cooled  solution  there  precipitated  an  abundant  amount  of  trichloroacetamide  which  was 
separated  and  carefully  washed  with  water.  Yield  of  amide  14.0  g  (72.5*70).  On  the  bottom  of  the  flask  there  re¬ 
mained  a  precipitate  of  cyanuric  acid. 
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Reaction  of  cyanamide  with  a -chloropropionic  acid.  The  reaction  was  carried  out  in  benzene  solution  at  90- 
95*  for  three  hours,  as  described  in  the  above  experiments.  We  took  26  g  of  a-chlOTopropionic  acid  in  the  first  case, 
and  25  g  in  the  second  case,  and  respectively  5  g  of  cyanamide.  At  the  end  of  die  reaction  the  product  was  dis¬ 
tilled  in  a  vacuum  and  left  for  a  day.  The  resulting  crystals  were  washed  with  xylene  and  then  recrystallized  from 
it.  Yield  of  monoureide  of  a -chloropropionic  acid  5.0  g  (21. 'fh).  When  the  reaction  was  carried  out  in  o -xylene 
solution  at  140-145“  we  obtained  along  with  the  amide  a  considerable  amount  of  the  ammonium  salt  of  cyanuric  acid. 
Yield  of  amide  3.2  g  (25%). 

Reaction  of  cyanamide  with  phenylacetic  acid.  In  a  three -necked  flask  with  a  stirrer,  thermometer,  and  gas 
outlet  tube  we  placed  7.54  g  of  phenylacetic  acid  and  1.3  g  of  cyanamide.  Heating  was  carried  out  slowly,  first  to 
150-155*.  During  the  reaction  there  was  evolution  of  carbon  dioxide  and  acetic  acid.  When  the  reaction  mass  was 
cooled  It  all  solidified.  The  reaction  mass  was  washed  with  benzene  and  then  with  ether.  It  was  crystallized  from 
boiling  water  with  activated  charcoal  and  again  from  alcohol.  Yield  of  amide  4.3  g  (50%).  As  an  impurity  we 
isolated  cyanuric  acid  (1C%).  When  the  reaction  was  carried  out  in  o-xylene  at  150*  for  4.5  hours,  the  yield  of  phenyl 
acetamide  was  12.5  g  (78%).  For  the  reaction  we  used  40  g  of  phenylacetic  acid,  50  ml  of  xylene,  and  5  g  of  cyan¬ 
amide.  The  experimental  results  are  given  in  the  table. 

SUMMARY 

We  have  studied  the  reaction  of  cyanamide  with  chlorine  substituted  acetic  acids,  a -chloropropionic  acid,  and 
phenylacetic  acid.  We  have  obtained  the  amides  of  these  acids,  and  also  the  ureides  of  monochloroacetlc,  trichloro¬ 
acetic,  and  a -chloropropionic  acids. 
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In  a  previous  communication  [1]  we  described  the  preparation  and  properties  of  chlorine  derivatives  of  phenyl- 
methyldichlorosilane  with  chlorine  atoms  in  the  methyl  group.  The  synthesis  of  these  compounds  was  carried  out  by 
initiation  of  chlorination  of  phenylmethyldichlorosilane  in  the  presence  of  azo-bisisobutyronitrile. 

The  purpose  of  the  present  investigation  is  the  study  of  the  possibility  of  obtaining  chlorophenylmethyldichloro- 
silanes  which  contain  chlorine  atoms  in  the  aromatic  ring.  These  compounds  are  not  described  in  the  literature, 
except  for  monochlorophenylmethyldichlorosilane,  synthesized  in  24lo  yield,  by  the  reaction  of  methyldichloro- 
silane  and  chlorobenzene  in  the  presence  of  boric  acid  (here  was  obtained  a  mixture  of  isomeric  chlorophenylmethyl- 
dichlorosilanes)  [2,  3]. 

We  could  not  find  in  the  literature  any  indication  of  the  chlorination  of  phenylmethyldichlorosilane  with  the 
purpose  of  preparing  substituents  chlorinated  in  the  aromatic  ring,  since  this  reaction  was  not  studied  in  detail. 

Chlorination  of  phenylmethyldichlorosilane  was  carried  out  in  the  presence  of  the  ordinary  catalysts  used  few 
halogenation  of  aromatic  compounds  (SbCls  and  iodine). 

Chlorination  of  phenylmethyldichlorosilane  in  the  presence  of  AlCls  and  FeCls,  considered  in  experiments  on 
chlewination  of  diphenyldichlorosilane  [4],  was  not  of  interest,  since  under  these  conditions  we  could  expect  marked 
destruction  of  the  reaction  products  at  the  C3rom  “Si -bond. 

As  a  result  of  the  investigation  of  the  chlorination  of  phenylmethyldichlorosilane  in  the  presence  of  SbCl3,  we 
^owed  that  in  this  case  there  was  an  energetic  exothermal  reaction  which  took  place  intensively  at  24-27°.  Depen¬ 
ding  on  the  molar  ratio  of  the  reagents  under  these  conditions  there  could  be  prepared  mono-  and  dichlorophenyl- 
methyldichlorosilanes  substituted  in  the  aromatic  ring  with  yields  of  47-497®.  A  study  of  the  chlorination  of  phenyl¬ 
methyldichlorosilane  showed  that  in  this  case,  as  in  the  chlorination  of  diphenyldichlorosilane  [4],  there  occurred  a 
process  of  destructive  chlorination  connected  with  splitting  of  the  molecule  of  phenylmethyldichlorosilane  at  the 
Carom  "Si  bond. 

As  reaction  products  when  phenylmethyldichlorosilane  was  chlorinated  in  the  presence  of  SbCls  we  found,  on 
the  one  hand,  methyltrichlorosilane,  and  on  the  other,  chlorinated  benzene  derivatives.  Thus,  the  reaction  of  sub¬ 
stitutive  chlcwination  of  phenylmethyldichlorosilane  in  the  aromatic  ring  occurs  as  follows. 


L<(jH5_nClM(CH3)SiCl2  CI2 — 


CoH4_„Cl,n.,(CH;()SiCl2  -j-  HCl  (main  reaction) 
CHoSiCl,  I  CoH5_wCI„+,  (side  reaction)' 


Increasing  the  depth  of  chlorination  of  phenylmethyldichlorosilane  leads  to  preferential  increase  in  rate  of 
the  side  reaction  of  splitting.  Thus,  at  a  ratio  of  reagents  C6H5(CH3)SiCl2  ;  CI2  about  1  :  3.25,  the  main  reaction 
product  is  dichlorophenylmethyldichlorosilane  (yield  about  25.97®)  along  with  CH3SiCl3  and  a  mixture  of  tetra 
and  pentachloro  benzenes,  the  formation  of  which  could  be  represented  by  the  following  mechanism. 
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C«H5(CH3)SiCl2  C,H3Clo(CH3)SiCl2  C6H3CI3  +  CHaSiCl, 

i+ci, 

J+CI, 

CbHCIs 

TrichlorophenylmethyldichlOTOsilane  was  not  observed  in  the  reaction  products;  the  only  reaction  which  occuned 
at  this  step  was  the  destructive  chlorination. 

It  is  interesting  to  see  that  splitting  of  the  C^jQi^-Si  bond  by  chlorine  in  phenylinethyldichlorosilane  occurs 
more  easily  in  diphenyldichlorosilane.  Actually,  while  in  the  chlorination  of  diphenyldichlocosilane  in  the  presence 
of  SbCl3  (35-40*,  mole  ratio  of  (C6H5)2SiCl2  :  Cl  about  1  : 1.1)  one  fourth  of  the  original  silane  is  split  [4];  in  the 
case  of  phenylmethyldichlorosilane  under  the  same  conditions  (see  Table  1)  half  the  silane  is  split.  In  the  same  way, 
while  in  chlorination  of  diphenylchlorosilane  in  the  presence  of  iodine  there  is  no  destruction  even  at  100-125",  in 
the  case  of  phenylmethyldichlorosilane  this  reaction  occurs  even  at  10-12*. 


TABLE  1.  Effect  of  Catalysts,  Ratio  of  Reagents,  and  Temperature  on  the  Chlorination  of 
Phenylmethyldichlorosilane 
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z 

w 

CX 

X 

lU 

Conditions  ol  chlorination  of  phenyl¬ 
methyldichlorosilane 

Composition  of  reaction  product 

W 

cd 

0 

amount  of  .. 
catalyst  (in  % 
of  weight  of 
silane  used) 

0) 

3 

S 
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w 

.2  '75  U 

sF,  - 

0  ^  y 

G  U  X 

chlorination 

medium 

unchanged 
silane,  % 

Chlorination 

products 

^lit  silane. 

* 

main 

reaction 

product 

1 

ShCh 

24-27° 

"1 

1  :  1.07 

25.5 

.  48.9 

Mono- 

50.2 

2 

Sl,Cl3 

0.5 

24-27 

1:1.90 

— 

— 

47.3 

Di- 

51.7 

Ti 

SI)Cl3 

0.5 

24-27 

1 : 3.25 

— 

— 

25.3 

Di- 

74.0 

4 

Iodine 

0.5 

24-27 

1  :  1.08 

— 

38.5 

88.9 

Mono- 

10.0 

5 

Iodine 

0.5 

24-27 

1 :  1.95 

_ 

_ 

68.8 

Mono-,  tri- 

29.7 

« 

Iodine 

1.0 

24-27 

1  : 3.0 

— 

_ 

4.5.9 

Di-,  tri- 

.53.1 

7* 

Iodine 

1.0 

24-27 

1 : 7.9 

— 

— 

29.3 

Tri- 

69.6 

8* 

Iodine 

0.5 

10-12 

1:10.0 

— 

_ 

75.9 

Tri- 

23.3 

9* 

Iodine 

1.0 

20-25 

1  :  11.5 

CCI4 

_ 

74.3 

Di-,  tri- 

25.1 

10* 

Iodine 

1.0 

50-55 

1  :  11.3 

CCI4 

— 

66.6 

Di- 

1 

32.0 

•  Experiments  canied  out  to  determine  maximum  depth  of  chlorination  of  the  silane. 

*  *  Total  yield  (In  ’’}<>)  calculated  on  phenylmethyldichlOTOsilane  which  enters  the 
reaction. 


The  increased  sensitivity  of  the  C^Qjp  —Si  bond  to  splitting  in  phenylmethyldichlorosilane  (as  compared  to 
diphenyldichlorosilane)  is  explained  apparently  by  the  change  for  phenylmethyldichlorosilane  in  the  degree  of  elec¬ 
trophilic  nature  of  the  Si  atom  because  of  the  substitution  of  the  more  electronegative  phenyl  radical  by  the  less 
electronegative  methyl  radical. 

In  the  chlorination  of  phenylmethyldichlOTOsilane  in  the  presence  of  iodine  under  mild  conditions  (10-12*  in 
a  CCI4  medium)  we  were  able  to  lower  markedly  the  side  reactions  and  isolate  from  the  reaction  products  trichloro- 
phenylmethyldichlorosilane  (total  yield  of  chlOTides  7.59^o).  Increasing  the  temperature  in  the  chlorination  hastened 
the  splitting  process.  It  should  be  noted  that  in  distinction  from  diphenyldichlOTosilane,  the  dilorination  of  phenyl¬ 
methyldichlorosilane  in  the  presence  of  iodine  occurs  with  great  Intensity  and  can  give  not  only  mono-,  but  di- 
and  trichloro  derivatives  in  sufficiently  high  yields.  In  the  experiments  designed  to  determine  the  maximum  depth 
of  chlOTination  we  isolated  from  the  reaction  products  in  small  amount  only  tetrachlorophenylmethyldichlorosilane 
(yield  4.8^o),  Formation  of  pentachlorophenylmethyldichlOTOsilane  did  not  occur,  even  at  a  great  excess  of  chlorine. 
The  effect  of  catalyst,  ratio  of  reagents,  and  temperature  on  the  results  of  chlorinating  phenylmethyldichlorosilane 
in  the  aromatic  ring  are  clearly  shown  in  the  data  of  Table  1. 
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TABLE  2,  Properties  and  Analysis  of  Synthesized  Compounds 


Mono-,  di-,  tri-,  and  tetrachloro  derivatives  of  phenylmethyl- 
dichlorosilane  with  the  chlorine  atoms  in  the  aromatic  ring  were 
separated,  and  for  the  di-,  tri-,  and  tetrachlorides  the  physico¬ 
chemical  characteristics  were  given  for  the  first  time  (Table  2). 

All  these  compounds  are  colorless,  oily  liquids  with  a  sharp  odor; 
they  fume  in  air,  distill  without  decomposition,  and  are  easily 
soluble  in  organic  solvents.  The  boiling  points,  densities,  and 
refractive  indexes  of  tliese  chlorine  derivatives  increase  with  in¬ 
creasing  chlorine  content  in  the  aromatic  ring.  When  water  acts 
on  these  compounds  it  hydrolyzes  them  at  the  Si  -Cl  bond  with 
formation  of  the  corresponding  chlorophenylethylpolysiloxanes.  In 
the  reaction  of  mono-,  di-,  and  trichlorophenylmetliyldichloro- 
silanes  with  anhydrous  alcohol  there  are  formed  the  corresponding 
chloropheny  l(methy  l)diethoxysilanes 

Ccn5.„ci„(cn.i)SiCi2  -f  2C2Hr,on 

— >  Conr,.„Cl„(CH.,)Si(OC2ll:.).  >  2HC1 

Thus  we  have  obtained  for  the  first  time  mono-,  di-,  and 
trichlorophenylmethyldiethoxysilanes  (yields  76.7,  90.0,  and  84.1*70) 
which  are  colorless  liquids  with  an  etherial  odor.  The  properties 
and  analysis*  of  the  chloropheny Imetliyldichlorosilanes  and  chloro- 
phenylmethyldiethoxysilanes  are  given  in  Table  2. 

For  determination  of  the  structure  of  these  chloropheny  1- 
methyldichlorosilanes  we  decided  to  use  their  splitting  by  bromine 
(after  preliminary  exhaustive  methylation  [5]),  leading  to  the  for¬ 
mation  of  the  corresponding  chlorobromobenzenes.  If  we  submit 
the  chloropheny Itrimediylsilane  obtained  from  exhaustive  methyla¬ 
tion  (by  CH3MgI)  of  the  monochlorophenylmethyldichlorosilane  to 
splitting  by  bromine,  we  obtain  a  chlorobromobenzene  [along  with 
(CH3)3SiBr]  in  the  form  of  a  liquid  which  crystallizes  at  about -25°. 
Comparison  of  the  constants  of  this  chlorobromobenzene  with  the 
constants  of  pure  samples  of  known  structure  shows  that  this  chloro¬ 
bromobenzene  contains  a  considerable  amount  of  the  meta -isomer. 

It  follows  from  this  that  chlorination  of  phenylmethyldichloro- 
silane  in  the  presence  of  SbCl3  iodine  takes  place  with  preferen¬ 
tial  formation  of  meta  chlorophenylmethyldichlorosilane.  Thus, 
when  tlie  chlorine  atom  is  introduced  into  the  aromatic  ring  of 
phenylmethyldichlorosilane,  the  orienting  influence  of  the  silyl 
group  remains  essentially  the  same  as  in  phenyltrichlorosilane 
[5,  6].  The  composition  of  the  fraction  of  dichlorophenylmethyl- 
dichlorosilanes  is  evidently  more  complex,  since  from  the  three 
possible  isomers  of  monochlorophenyhnethyldichlorosilane  six 
different  isomeric  dichlorides  can  be  formed.  The  same  complex 
composition  can  obviously  also  occur  in  the  case  of  the  trichlcffo- 
phenylmethyldichlorosilanes.  These  mixtures  of  isomeric  chloro- 
phenylmethyldichlorosilanes  boil  in  a  narrow  temperature  range  and 
so  all  attempts  to  separate  these  isomers  by  fractionation  failed  to 
give  positive  results. 

•  Elementary  analyses  were  carried  out  by  M.  A.  Teplyashina, 
to  whom  the  author  expresses  thanks. 


1876 


of  iodine  (O.S^h  of  the  weight  of  silane)  we  passed  at  24-27'  for  tliree  hours  and  25  minutes  gaseous  chlorine  at  a  rate 
of  9.5  gAiour,  reaching  a  weight  of  15  g.  Distillation  of  the  crude  mixture  in  a  rectification  column  (10  theoretical 
plates)  gave  the  following  fractions:  1st,  3  g  CUsSiCls;  2nd,  3.7  g  CeHsCl;  3rd,  38.0  g  of  starting  C6H5(CH3)SiC]2; 

4th,  37.9  g  C6H4Cl(CH3)SiCl2,  b.p.  230-233°,  c|§  1.3049,  ng  1.5367;  5th,  10.3  g  of  C6H3C]e(CH3)SiCl2,  b.p.  253-258°, 
(^0  1.4173,  n^  1.5528.  Yield  of  C6n4Cl(cn3)SiCl2  ll.^o  calculated  on  reacting  phenylmethyldichlorosilane.  Total 
yield  of  chlorophenylmetliyldichlorosilanes  was  88.if’/o. 

2.  Obtaining  Dichloropheny  Imethyldichlorosilanes 

Chlorination  of  phenylmethyldichlorosilane  to  the  dichloro  derivatives  was  carried  out  analogously  under  the 
same  conditions;  only  the  quantity  of  chlorine  passed  in  was  increased.  From  47.7  g  of  phenylmethyldichlcarosilane 
when  chlorinated  in  the  presence  of  0.25  g  SbCl3  (O.^o  of  the  weight  of  silane)  for  3  hours  and  40  minutes  (sample, 
including  liquid  in  the  trap  18.9  g)  we  obtained  23.0  g  of  a  clear,  colorless  liquid  with  b.p.  257-258°  (760  mm), 
which  by  analysis  (Table  2)  corresponds  to  dichlorophenylmethyldichlorosilane.  Yield  35.4lo  (calculated  on  reacting 
phenylmethyldichlorosilane).  As  side  products  we  isolated  14.3  g  of  CH3SiCl3,  17.8  g  of  P-C6H4CI2,  and  6.7  g  of 
C6H4Cl(CH3)SiCl2.  The  total  tield  of  di-  and  monochloro  derivatives  of  phenylmethyldichlorosilane  was  47.3^70, 

In  chlorination  under  analogous  conditions  of  88.6  g  of  phenylmethyldichlorosilane  in  the  presence  of  0.4  g  of 
iodine  (O.^o  of  the  weight  of  silane)  for  6  hours  and  45  minutes  (sample  25  g),  we  obtained  43.2  g  of  dichlorophenyl- 
methyldichlorosilane  (yield  35.8^1’)  along  with  34.5  g  of  the  monochloro  derivative.  The  total  yield  of  chlorophenyl- 
methyldichlorosilanes  was  68.8^0.  Side  products  were  CIl3SiCl3  (14  g)  and  P-C6H4CI2  (17.2  g). 

•  T.T.  Tarasova  took  part  in  the  experimental  portion  of  the  work. 
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A  part  of  the  dichloro  derivative  was  transformed  as  described  above  to  the  monochloro  derivative,  giving 
C6H3Cl8Si(CH3)3.  In  the  reaction  of  23  g  of  C6H3Cl2(CH3)SiCl2  with  CHsMgl  prepared  from  7.4  g  of  magnesium  and 
41,2  g  of  methyl  iodide  in  absolute  ether  (120  ml)  we  obtained  14.8  g  (76.27o)  of  liquid. 

B.p.  114-116’  (10  mm),  1.1627,  n?)  1.5330. 

Found ‘7o;  C  32.57,  32.70.  CjHoSiCls.  Calculated  “yo;  Cl  32.42. 

3.  Obtaining  Trichlorophenylmethy Idichlorosilane 

Chlorination  of  phenylmethy Idichlorosilane  to  the  trichloro  derivative  was  carried  out  under  the  same  con¬ 
ditions  as  for  the  monochloride,  increasing  the  amount  of  chlorine  passed  proportionally. 

From  50  g  of  phenylmethyldichlorosilane  by  chlorination  in  the  presence  of  0.5  g  iodine  (I'Ve  of  the  weight  of 
silane)  for  5  hours  50  minutes  (mole  ratio  CcH5(CH3)SiCl2  ;  CI2  =  1  :  3)  we  obtained  80  g  of  crude  mixture  which  in 
a  rectification  column  (10  theoretical  plates)  gave  the  following  fractions:  1st,  b.p.  63-65*,  17.4  g,  CH3SiCl3;  2nd, 
b.p.  132-180*,  20.0  g,  a  mixture  of  CgHsCl  and  p-C6n4Cl2;  3rd,  b.p.  256-260*,  20.8  g;  4th,  b.p.  275-283*,  15.2  g; 
the  third  fraction  was  dichlorophenylmethyldichlorosilane  (dio  1.4195,  1.5553).  By  repeated  fractionation  the 

fourth  fraction  gave  11.8  g  of  a  liquid  with  b.p.  278-282*  (760  mm)  which  corresponded  by  analysis  (Table  2)  to 
trichlorophenylmethy  Idichlorosilane.  Yield  15.3^o  (calculated  on  reacting  phenylmethyldichlorosilane).  The  total 
yield  of  chlorophenylmethyldichlorosilanes  was  45.9^o.  in  attempts  to  obtain  trichlorophenylmethyldichlorosilane 
by  chlorination  of  50.6  g  of  phenylmethyldichlorosilane  in  the  presence  of  SbCl3  (6  hours  20  minutes  at  24-27*,  rate 
of  chlorine  9.5  g/hour)  we  isolated  from  the  reaction  product  21.6  g  of  CH3SiCl3,  33.8  g  of  a  mixture  of  tetra-  and 
pentachlorobenzenes  (m.p.  119-139*,  chlorine  content  66.SF7o),  and  17.4  g  of  dichlorophenylmcthyldichlorosilane. 

Yield  25.3f7o. 

Tridilorphenylmethyldichlorosilane  obtained  by  chlorination  of  phenylmethyldichlorosilane  in  tite  presence 
of  iodine  was  converted  to  QH2Cl3Si(cn3)3.  In  the  reaction  of  15  g  of  CeH2Cl3(CH3)SiCl2  with  Cn3MgI  prepared 
from  4.3  g  of  magnesium  and  23.7  g  of  methyl  iodide  in  dry  ether  (100  ml)  we  obtained  9.1  g  of  liquid,  on  the  dis¬ 
tillation  of  which  in  a  vacuum  we  isolated  two  fractions:  1st,  b.p.  125-130*  (9  mm),  c|o  1.2515,  np  1.5472,  3.0  g; 

2nd,  b.p.  130-132“  (9  mm),  d^J  1.2733,  1.5521,  3.1  g.  Botli  fractions  by  analysis  for  chlorine  content  corresponded 

to  C6H2Cl3Si(CIl3)3. 

Found  *70:  Cl  41.80,  41.84  (1st  fraction);  Cl  41.67,  42.47  (2nd  fraction).  CgHjiSiCls.  Calculated  “yo:  Cl  42.01. 

4.  Deep  Chlorination  of  Phenylmethyldichlorosilane  in  the  Presence  of  Iodine 

Into  a  mixture  of  77.3  g  of  phenylmetliyldichlorosilane  and  0.4  g  of  iodine  (O.Sffo  of  the  weight  of  silane)  we 
passed  gaseous  chlorine  at  a  rate  of  9.5  g/liour  for  29  hoius  40  minutes  at  10-12*.  We  passed  281.7  g  of  chlorine 
(mole  ratio  of  C6n5(CH3)SiCl2  :  Clg  =  1  :  10).  After  ten  hours  chlorination  the  reaction  took  place  witli  difficulty 
and  there  was  outflow  of  chlorine.  The  weight  of  the  reaction  mass  after  blowing  out  with  dry  air  was  57.6  g  (against 
69.8  g  needed  for  chlorination  to  the  pentachloro  derivative).  When  the  crude  mixture  of  chlorination  products  was 
distilled  on  the  rectification  column,  we  obtained  the  fractions:  1st,  b.p.  63-64*,  16.8  g;  2nd,  b.p.  175-240*,  23.6  g; 
3rd,  b.p.  255-260*,  15.1  g;  4th,  b.p.  274-279*,  67.8  g;  5th,  b.p.  287-290*,  6.4  g.  The  first  fraction  was  Cn3SiCl3. 

From  the  second  fraction  we  isolated  a  white, crystalline  substance  (about  17  g)  which  after  two  recrystallizations 
from  ligroin  had  m.p.  132-138*  and  by  its  chlorine  content  was  tetrachlorobenzene. 

Found  *70:  Cl  66.1,  65.9.  C6H2CI4.  Calculated  *70:  Cl  65.7. 

The  unsharp  melting  point  of  the  crystals  shows  that  they  are  evidently  a  mixture  of  isomeric  tetrachloroben- 

zenes. 

The  third  and  fourth  fractions  are  respectively  di-  (yield  14.3^o)  and  trichlorophenylmethy  Idichlorosilane  (yield 
56.8^)  and  have  the  following  constants:  third  fraction,  1.4201,  np  1.5557;  fourth  fraction,  1.5248,  nf)  1.5720. 
The  fifth  fraction  according  to  the  analysis  (Table  2)  corresponds  to  tetrachlorophenylmethyldichlorosilane.  Yield 
4.8^7). 

From  41.8  g  of  phenylmethyldichlorosilane  by  chlorination  in  57.2  g  of  CCI4  (1  :  1)  for  19  hours[ 20-25*,  catalyst, 
iodine  (l.Cfyo),  rate  of  chlorine  9.5  g/hour,  mole  ratio  C6H5(CH3)SiCl2  :  CI2  =  1  :  11.5]  we  obtained  9.8  g  of  CH3SiCl3, 
10.6  g  of  CgHjCU  (m.p.  125-130*.  chlorine  content  65.1*70),  15.6  g  of  C6H3Cl2(CH3)SiCl2  (yield  27.47o),  and  30.2  g  of 
C<;l%Cl8(CH3)Siae  (yield  46.£P/o), 
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II.  Splitting  by  Bromine  of  Chloropheny Itrimethylsilanes  Obtained  from  Mono-  and 
Dichlorophenylmethyldichlorosilanes  Isolated  in  the  Chlorination  of  C6H5(CH3)SiCl2 
in  the  Presence  of  SbCls  and  Iodine 

a)  Splitting  of  C6H4ClSi(CH3)3,  To  4.6  g  of  QH4ClSi(CH3)3  was  added  dropwise  with  stirring  and  cooling  in 
the  course  of  ten  minutes  4.4  g  of  bromine,  after  which  the  mixture  was  heated  for  20  minutes  at  60-70"  and  the 
(CH3)3SiBr  (3.3  g,  yield  86. ^o)  was  distilled  off,  b.p.  78-80".  By  vacuum  distillation  of  the  residue  after  removal  of 
(CH3)3SiBr  we  obtained  3.6  g  (76.6f7o)  of  a  colorless  liquid  with  b.p.  75-76"  (11  mm),  1.6349,  n^  1.5776,  which 
by  analysis  was  chlorobromobenzene  (crystallizing  at  about -25"). 

According  to  [10],  for  p-ClQU^r,  m.p.  64.6";  for  o-ClCeH^pr,  setting  temperature -12.6",  d^®  1.6444,  njj*® 
1.5821;  for  m-ClC6H4Br,  setting  temperature- 21.2",  d^®  1.6297,  n^"®  1.5773. 

b)  Splitting  C6H3Cl2Si(CH3)3.  In  an  analogous  way,  from  7  g  of  C6H3Cl2Si(CH3)3  and  6  g  of  bromine  we  ob- 
tained  4.7  g  (96.Cf7o)  of  (CH3)3SiBr  and  6.4  g  (88.8^7o)  of  a  liquid  with  b.p.  108-111.5"  (11  mm),  c|S  1.7221,  n^  1.5910, 
corresponding  by  analysis  to  dichlorobromobenzene  (completely  crystallized  at  0°). 

III.  Etherification  of  Chloroder ivatives  of  Pheny Imethy Idichlorosilane  by  Alcohol. 
Preparation  of  Chlorophenylmethyldiethoxysilane 

a)  Preparation  of  monochlorophenylmethyldiethoxysilane.  To  13.5  g  of  monochlorophenylmethyldichloro- 
silane  with  energetic  stirring  we  added  10  ml  of  anhydrous  alcohol  at  such  a  rate  tliat  die  temperature  of  the  re¬ 
action  mixture  did  not  exceed  20"  (cooling  with  water).  The  hydrogen  chloride  which  formed  was  blown  out  of  the 
mixture  with  dry  air  or  nitrogen.  After  addition  of  all  the  alcohol  the  reaction  mixture  was  heated  for  one  hour  on 
a  water  bath  at  80"  and  blown  out  with  nitrogen  until  evolution  of  hydrogen  chloride  stopped  (control  by  Congo 
paper)  and  was  distilled  in  a  vacuum.  We  obtained  11.2  g  {16.'f]o)  of  monochlorophenylmethyldiethoxysilane. 

b)  Preparation  of  di  chloropheny  Imethy  Idiethoxysilane.  From  13.4  g  of  dichlorophenylmethyldichlorosilane  and 
7.5  ml  of  anhydrous  alcoliol  we  obtained  13  g  (90^0)  of  dichlorophenylmethyldiethoxysilane. 

c)  Preparation  of  trichlorophcnylmethyldiethoxysilane.  From  9.5  g  of  trichlorophenylmethyldichlorosilane  and 
5  ml  of  anhydrous  alcohol  we  obtained  8.5  g  (84.1‘Vo)  of  trichloropheny  Imethy  Idiethoxysilane. 

SUMMARY 

1.  In  the  chlorination  of  phenyhnethyldichlorosilane  in  the  presence  of  the  usual  catalysts  for  the  halogenation 
of  aromatic  compounds  (SbCl3,  iodine),  the  chlorine  derivatives  of  phenylmethyldichlorosilanes  are  formed  with 
chlorine  atoms  exclusively  in  the  aromatic  ring.  Chlorination  of  the  methyl  radical  does  not  occur  under  these  con¬ 
ditions. 

2.  We  have  shown  that  chlorination  of  phenyhnethyldichlorosilane  in  the  presence  of  catalysts  is  accompanied 
by  a  parallel  side  process  of  splitting  the  silane  molecule  at  the  C— Si  bond.  This  side  reaction  for  phenylmethyl- 
dichlorosilane  occurs  more  easily  than  fex  diphenyl  dichlorosilane.  The  least  splitting  in  obtaining  polychlorophenyl- 
methyldichlorosilanes  occurs  using  iodine  as  the  catalyst. 

3.  We  have  isolated  and  characterized  the  previously  unknown  di-,  tri-,  and  tetrachlorophenylmethyldichloro- 
silancs. 

4.  Using  the  method  of  splitting  the  product  of  exhaustive  methylation  of  monochloropheny Imethy Idichloro- 
silane  by  bromine,  we  have  shown  that  the  methyldichlorosilyl  group,  like  the  SiCl3  group,  orients  the  chlorine  atom 
which  enters  the  aromatic  ring  mostly  into  the  meta  position. 

5.  We  have  synthesized  for  the  first  time  and  characterized  mono-,  di-,  and  trichlcxophenylmethyldiethoxy- 
si  lanes. 

LITERATURE  CITED 

1.  G.  V.  Motsarev  and  V.  R.  Rozenberg,  ZhOKh,  30,  3011  (1960). 

2.  E.  P.  Mikheev,  G.  N.  Mal’nova,  A.  L.  Kelbanskii,  S.  A.  Golubtsov,  and  N.  P.  Filimonova,  Chemistry  and 
Practical  Use  of  Silicoorganic  Compounds  [in  Russian]  No.  1,  TsBTI,  Leningrad  (1958),  pp.  85-91. 

3.  G.  N.  MaTnova,  E.  P.  Mikheev,  A.  L.  Klebanskii,  and  N.  P.  Filimonova,  DAN  SSSR,  123  ,  693  (1958). 

4.  A.  Ya.  Yakubovich  and  G.  V.  Motsarev,  ZhOKh,  26,  1413  (1956). 

5.  A.  Ya.  Yakubovich  and  G.  V.  Motsarev,  ZhOKh,  29,  2395  (1959). 

6.  A,  D.  Petrov,  M.  I.  Batuev,  V.  A.  Ponomarenko,  A.  D.  Snegova,  D.  D.  Matveeva,  and  B.  A.  Sokolov,  ZhOKh, 

27,  2057  (1957). 


1879 


7.  H.  Gilman  and  F.  J.  Marschall,  J.  Am.  Chem.  Soc.  71,  2066  (1949). 

8.  C.  A.  Burkhard,  J.  Am.  Chem.  Soc.  2103  (1946). 

9.  V.  A.  Ponomarenko,  A.  D,  Snegova,  and  Yu.  P.  Egorov,  Izv.  AN  SSSR,  OKhN,  244  (1960). 

10.  J.  Narbutt,  Ber.  52,  1031  (1919). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  In  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


1880 


ESTERS  OF  PHOSPHORUS  ACIDS  CONTAINING  VARIOUS  RADICALS 
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We  have  previously  reported  on  the  synthesis  of  dialkylphosphites  containing  various  radicals  by  reacting 
alkyldichlorophospliites  with  alcohols  [1].  The  mixed  dialkylchlorophosphites  were  subsequently  used  to  prepare  di- 
alkylchlorophosphates,  trialkyl-  and  dialkylarylphosphates  containing  various  radicals. 

The  present  paper  is  concerned  witJi  the  synthesis  of  alkylphosphonates  containing  various  radicals. 

Despite  the  fact  that  the  esters  of  phosphinic  acids  are  a  well-studied  class  of  phosphcxrus  compounds,  alkyl¬ 
phosphonates  containing  various  radicals  have  remained  almost  entirely  uninvestigated.  Only  two  methods  of  pre¬ 
paring  mixed  alkylphosphinic  acids  have  been  described  in  the  literature:  the  partial  esterification  of  the  diethyl 
esters  of  alkylphosphinic  acids  by  the  corresponding  alcohols  [2,  3]  and  the  alkoxylation  of  the  partial  chlorides  of 
alkylphosphinic  acids  [4]  which  were  prepared  by  the  partial  substitution  of  the  alkoxy  groups  by  chlorine  in  the  di¬ 
alkyl  esters  of  alkylphosphinic  acids.  Limitations  in  application  and  the  formation  of  by-products  which  make  it 
difficult  to  separate  the  mixture  are  big  handicaps  of  the  first  method.  The  basic  inadequacy  of  the  second  method  is 
the  fact  that  it  requires  several  steps. 

We  have  worked  out  a  general  method  for  the  preparation  of  mixed  dialkyl  esters  of  alkylphosphinic  acid  by 
the  alkylation  of  sodium  derivatives  of  dialkylphosphites  containing  various  radicals: 
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Alkylphosphonates  containing  various  radicals,  the  properties  of  which  are  shown  in  the  table,  are  colorless, 
mobile  liquids  with  a  faint  odor;  they  are  easily  soluble  in  organic  solvent  but  are  not  soluble  in  water. 

EXPERIMENTAL 

1.  Isoamylhexyl  ester  of  butylphosphinic  acid.  56.77  g  of  a  solution  of  the  sodium  salt  of  isoamylhexylphosphite, 
prepared  from  51.93  g  of  isoamylhexylphosphite  and  5.07  g  of  sodium,  in  200  ml  of  dry  xylol  were  placed  in  a  four¬ 
necked  flask  equipped  with  a  stirrer,  a  reflux  condenser,  a  dropping  funnel  and  a  thermometer.  41.72  g  of  butyl 
chloride  were  added  at  45-50°  with  energetic  stirring.  After  the  alkyl  halide  had  been  added,  stining  was  continued 
for  two  hours  at  75°.  The  mixture  was  cooled  and  50  g  of  pulverized  ice  were  added.  Then  the  mixture  was  trans¬ 
ferred  to  a  separating  funnel,  neutralized  with  a  2(flo  solution  of  alkali  until  phenolphthalein  showed  an  alkaline  re¬ 
action;  the  organic  layer  was  separated  and  washed  twice  with  water,  the  solvent  was  distilled  off  and  the  residue 
distilled  in  vacuo.  47  g  (73^o)  of  the  isoamylhexyl  ester  of  butylphosphinic  acid  were  obtained. 

B.  p.  132-134°  (0.4  mm),  0.9269,  n^  1.4369,  MR^  82.6;  calc.  82.82. 

Found  *70:  p  10.62,  10.70;  C  60.5,  60.9;  H  11.20,  11.35.  CisHaaO^P.  Calculated ‘yoj  p  10.59;  C  61.6;  H  11.35. 

2-Isoamylheptyl  ester  of  butylphosphinic  acid.  Under  the  same  conditions  as  in  (1),  the  sodium  salt  of  the 
phosphite  was  obtained  from  25.03  g  of  isoamylheptylphosphite  and  2.3  g  of  sodium,  and  18.5  g  of  butyl  chlcxide 
was  added.  21.2  g  (lOfVo)  of  the  isoamyl  heptyl  ester  of  butylphosphinic  acid  was  obtained. 
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Formula 

Boiling  point 
(pressure  in 
mm) 

>1?  1 

20 

"D 

Yield. 

% 

f\H9P(0)(0C5Uii-  iso)(OCgMj3)  .... 

1.32-1.740(0.4) 

0.9269 

1.4.369 

73 

C4H8p(0)(0C,H„-iso)(0C7H,5)  .... 

137-138  (0.3) 

0.9263 

1.4382 

70 

('4n(,P(0)(0C5H,,-  iso jjOCgll  17- second) 

128-130  (0.1) 

0.9258 

1.4400 

64.5 

B.  p.  137-138*  (0.3  mm),  0.9263,  no  1.4382,  MR^  86.88;  calc.  86.44. 

Found  P  10.0,  10.37;  C  63.02  ,  62.78;  H  11.39,  11.50.  CjeHasO^P.  Calculated  ®/o ;  P  10.11;  C  62.70;  H  11.40. 

3.  Isoamyl -sec -octyl  ester  of  butylphosphinic  acid.  Under  the  same  conditions  as  in  (1),  the  sodium  salt  of 
the  phosphite  was  obtained  from  26.43  g  of  isoamyl -sec -octyl  phosphite  and  2.3  g  of  sodium,  and  13.7  g  of  butyl 
bromide  was  added.  19.3  g  (64.5*yo)  of  the  isoamyl -sec -octyl  ester  of  butylphosphinic  acid  was  obtained. 

B.p.  128-130*  (0.1  mm),  d^®  0.9258,  nJJ  1.4400,  MRd  91.20;  calc.  91.05. 

Found'yo:  P  9.83,  9.75;  C  63.26,  63.48;  H  11.55,  11.65.  C17H37PJP.  Calculated ‘7° :  P  9.66;  C  63.7;  H  11.65. 

SUMMARY 

A  general  method  for  preparing  dialkyl  esters  of  alkylphosphinic  acids  containing  three  different  radicals  was 
worked  out. 
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Only  two  papers  on  the  cyclohexylation  of  phenanthrene  have  appeared.  In  one  of  them  [1]  the  reaction  be¬ 
tween  phenanthrene  and  cyclohexene  in  the  presence  of  aluminum  chloride  is  described.  The  authors  obtained  two 
products;  liquid  monocyclohexylphenanthrene,  which  they  did  not  study,  and  crystalline  3,9-dicyclohexylphenthrene 
in  which  the  position  of  one  cyclohexyl  group  was  determined  by  oxidation,  while  the  location  of  the  second  group 
was  worked  out  on  the  basis  of  least  electrical  dissymmetry.  In  the  second  paper  the  monocyclohexylation  of  phenan¬ 
threne  was  studied  in  detail  by  Rule  and  Hickinbottom  [2].  They  accomplished  the  introduction  of  a  cyclohexyl  group 
by  the  thermal  decomposition  of  the  cyclohexyl  ester  of  benzoylsulfonic  acid  in  phenanthrene.  In  this  case  1-,  2-, 

3-  and  9-cyclohcxylphenanthrcnes  with  an  overall  yield  of  48^o  were  obtained.  iTie  principal  product  (3S7o)  in  the 
mixture  was  9-cycloliexylphenanthrene. 

Oven  less  is  known  about  the  cyclohexylation  of  anthracene.  Rule  and  Hickinbottom  [3]  did  not  succeed  in 
introducing  a  cyclohcxyl  group  into  the  antliracene  molecule.  Buu-Hoi  and  Cagniant  [4],  on  alkylating  anthracene 
by  means  of  cyclohcxcnc  in  the  presence  of  sulfiuic  acid,  obtained  two  liquid  fractions,  one  of  which  they  considered 
to  be  a  mixture  of  monocyclohexylanthracenes  and  the  otlier  a  mixture  of  dicyclohexylanthracenes.  These  substances 
were  not  further  studied. 

We  used  various  alkylation  metliods  in  order  to  introduce  a  cyclohexyl  group  into  the  phenanthrene  molecule. 
The  condensation  of  phenanthrene  with  cyclohexanol  in  the  presence  of  aluminum  chloride  was  carried  out  under  ap¬ 
proximately  the  same  conditions  as  gave  the  best  results  in  the  alkylation  of  naphthalene  [5]  and  fluorene  [6].  From 
the  condensation  35-46^o  of  a  mixture  of  products  was  obtained,  from  which  2-,  3-  and  9-cyclohexylphenanthrenes 
were  separated.  More  than  half  of  the  total  quantity  consisted  of  3-cyclohexylphenanthrene;  1-cyclohexylphenan- 
threne  was  not  detected  at  all. 

We  also  used  freshly -reduced  copper  as  a  catalyst  for  the  alkylation  of  phenanthrene.  1.  P.  Tsukervanik  and 
co-workers  [7,  8]  showed  that  it  is  possible  to  successfully  alkylate  aromatic  compounds  by  halogen  alkyls  in  the 
presence  of  fine  copper  powder.  This  reaction  is  apparently  especially  suitable  for  the  alkylation  of  polycyclic 
hydrocarbons  which  are  easily  changed  by  the  influence  of  aluminum  chloride  and  other  acid  catalysts.  Heating 
phenanthrene  with  cyclohexyl  chloride  and  copper  at  160-180°  for  eight  hours  gave  70^o  of  a  mixture  of  1-,  2-,  3- 
and  9-cyclohexylphenandirenes.  In  this  case  also  3-cyclohexylphenanthrene  predominated  (  >  SCP/o),  while  the  mix¬ 
ture  contained  only  a  very  small  quantity  of  1-cyclohexylphenanthrene. 

In  order  to  test  the  catalytic  activity  of  copper  a  control  experiment  was  run  by  condensing  phenanthrene  with 
cyclohexyl  chloride  without  a  catalyst.  This  reaction,  like  the  reaction  with  copper,  was  carried  out  at  160-180°  and 
after  10  hours  gave  38.4*70  of  a  mixture  of  2-  and  3 -cyclohexylphenanthrenes  with  the  latter  strongly  predominating. 

In  contrast  to  the  reaction  with  copper,  a  lower  yield  of  product  was  obtained  in  this  case,  and  its  composition  was 
different. 

Thus,  in  all  the  variations  used  for  the  alkylation,  the  basic  product  was  3  -cyclohexylphenanthrene;in  addition 
2-cyclohexylphenanthrene  was  also  formed,  while  the  1- and  9 -isomers  did  not  occur  at  all. 

The  isomeric  composition  of  our  products  differed  noticeably  from  those  obtained  by  Rule  and  Hickinbottom. 
Only  in  the  reaction  with  copper  did  we  get  the  same  isomers  as  they  did,  but  in  a  different  ratio. 
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We  carried  out  the  cyclohexylation  of  anthracene  by  one  method— by  condensing  it  widi  cyclohexyl  chloride 
In  the  presence  of  freshly  reduced  copper.  This  reaction  proceeded  with  greater  difficulty  than  the  corresponding 
reaction  with  phenanthrene  and  therefore  it  was  necessary  to  carry  it  out  in  sealed  tubes.  At  180-200°  the  reaction 
did  not  go  at  all;  at  220-250°  only  tar  was  formed;  while  at  200-230°  for  10  hours  the  reaction  proceeded  with  tiie 
formation  of  19^^  of  cyclohexylanduacene.  The  product  obtained  was  apparently  a  mixture  of  isomers  with  the 
presence  of  2-cyclohexylanthracene  which  was  identified  by  dehydrogenating  it  to  2-phenylanthracene. 

EXPERIMENTAL 

The  alkylation  of  phenanthrene  by  cyclohexanol  in  the  presence  of  aluminum  chloride.  The  reaction  was 
carried  out  In  a  three-necked  flask  equipped  with  a  stirrer,  a  thermometer  and  a  reflux  condenser.  To  a  mixture  of 
10  g  of  cyclohexanol,  35.6  g  of  phenanthrene  and  200  ml  of  n-heptane  heated  to  50°,  with  stirring,  11.2  g  of  aluminum 
chloride  was  added  in  small  portions.  Then  the  mixture  was  heated  for  12  hours  at  60-75°.  The  temperature  was 
increased  as  the  separation  of  hydrogen  chloride  decreased.  After  decomposition  by  dilute  hydrochloric  acid,  the 
hydrocarbon  layer  was  separated,  washed  with  water,  dried  over  calcium  chloride  and  fractionated.  The  phenanthrene 
was  distilled  off  at  150-180°  (3  mm)  and  at  190-196°  (!  mm)  a  mixture  of  monocyclohexylphenanthrenes  passed 
over.  The  yield  of  this  fraction  in  various  experiments  amounted  to  9  to  12  g  (34.6-46.2°/o).  it  was  a  thick  golden- 
yellow  oil  which  crystallized  on  long  standing.  In  order  to  speed  up  the  crystallization  process,  a  small  quantity  of 
petroleum  ether  was  added  to  the  product  and  the  mixture  allowed  to  stand  In  the  refrigerator.  After  five  to  six  days 
the  crystals  were  separated,  dissolved  in  slightly  heated  pentane  and  then  separated  into  individual  isomers  by  meth¬ 
od  [2],  The  following  isomers  were  obtained  in  this  way. 

9-Cyclohexylphenanthrene;  m.p.  112-113°  (from  alcohol).  On  boiling  it  for  three  hours  with  lO^o  platinized 
carbon,  9-phenylphenanthrene,  m.p.  105-106°  (from  alcohol)  was  formed.  According  to  the  literature  [9]  its  m.p. 
is  104-113°. 

2 -Cyclohexy Iphenanthrene,  m.p.  112-113°  (from  alcohol)  showed  a  depression  in  a  mixed  melting  point  test 
with  9-cyclohcxylphenanthrene.  On  dehydrogenating  it  for  three  hours  over  platinized  carbon,  2 -pheny Iphenanthrene, 
b.p.  196-197°  (from  benzene)  was  obtained  which  corresponds  with  the  data  in  the  literature  [2,  9].  From  the  oil  re¬ 
maining  after  separating  the  crystals,  3-cyclohexylphenanthrene  was  separated  as  the  picrate  with  a  m.p.  of  154-155° 
[2]-a  light  golden  oil.  By  oxidizing  it  with  chromium  trioxide,  3 -cyclohexy Iphenanthrenequinone  was  obtained  with 
a  m.p.  of  217-218°,  This  agrees  with  the  literature  [2]. 

The  alkylation  of  phenanthrene  by  chlorocyclohexane  in  the  presence  of  freshly  reduced  copper.  A  mixture 
of  35.6  g  of  phenanthrene,  about  half  of  the  total  quantity  of  11.85  g  of  chlorocyclohexane  and  0.63  g  of  freshly- 
reduced  copper  (prepared  by  precipitation  from  a  solution  of  CUSO4  by  zinc  dust  [10])  was  heated  in  a  two-necked 
flask  with  a  reflux  condenser  and  a  thermometer.  At  160°  energetic  evolution  of  hydrogen  chloride  began.  After 
30  minutes  the  remainder  of  the  chlorocyclohexane  was  poured  into  the  flask  and  the  heating  continued.  As  the 
evolution  of  hydrogen  chloride  slowed  down,  the  temperature  gradually  rose  to  180°.  In  one  experiment  heating  was 
continued  for  six  hours;  in  another  for  eight  hours.  The  crystalline  mass  obtained  was  dissolved  in  benzene  and  the 
catalyst  removed  by  filtration.  After  distilling  off  the  benzene  the  product  was  distilled  in  vacuo.  From  the  re¬ 
action  that  was  heated  for  six  hours,  12.7  g  (48. 8^0)  of  the  fraction  were  cyclohexylphenantiurenes  with  a  b.p.  of  215- 
222°  (4  mm).  The  experiment  that  was  continued  for  eight  hours  gave  18.2  g  (7Cf7o)  of  cyclohexylphenanthrene  frac¬ 
tion  with  a  b.p.  of  193-196°  (2  mm).  From  these  fractions  the  following  substances  were  separated  by  the  method  de¬ 
scribed  above. 

1 - Cyclohexy Iphenanthrene— colorless  needles  with  a  m.p.  of  121-122°  (from  alcohol).  On  dehydrogenation  by 
boiling  it  with  platinized  carbon,  1 -pheny Iphenanthrene  with  a  b.p.  of  79-80°  (from  alcohol)  was  obtained,  which 
corresponds  with  the  literature  [9], 

2 - Cyclohexylphenanthrene  with  a  m.p.  of  112-113°,  identical  with  the  sample  obtained  previously. 

3 - Cyclohexylphenanthrene -an  oil.  It  forms  a  picrate  melting  at  154-155°  which  is  identical  with  the  picrate 
obtained  from  the  liquid  product  of  the  preceding  reaction. 

9 -Cyclohexylphenanthrene  with  a  m.p.  of  112-113°,  identical  with  the  substance  obtained  by  alkylation  in  the 
presence  of  aluminum  chloride. 

The  alkylation  of  phenanthrene  by  chlorocyclohexane  without  a  catalyst.  A  mixture  of  17.8  g  of  phenanthrene 
and  5,9  g  of  chlorocyclohexane  was  heated  in  the  apparatus  described  above.  The  evolution  of  hydrogen  chloride 
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began  at  160*.  The  mixture  was  heated  for  three  hours  at  160-165®,  five  hours  at  165-170*  and  two  hours  at  170- 
180*.  The  crystalline  product  was  distilled  in  vacuo.  5  g  (38.4*70)  of  a  fraction  of  cyclohexylphenanthrenes  with  a 
b.p.  of  198-216*  (3  mm)  were  obtained.  A  considerable  quantity  of  golden  yellow  glassy  tar  remained  in  the  flask. 

2-  and  3 -cyclohexylphenanthrenes  (with  a  predominance  of  the  latter)  were  obtained  from  the  crude  product  in  the 
usual  way. 

The  alkylation  of  anthracene  by  chlorocyclohexane  in  die  presence  of  copper.  A  mixture  of  8.9  g  of  anthracene, 
5.9  g  of  chlorocyclohexane  and  0.3  g  of  freshly -reduced  copper  were  heated  in  a  sealed  tube  in  a  Carius  furnace  at 
200-230*  for  ten  hours.  After  opening  the  tube  the  reaction  mixture  was  treated  with  petroleum  ether  and  the  so¬ 
lution  obtained  filtered  in  order  to  separate  out  the  catalyst  and  the  unreacted  anthracene.  After  distilling  off  the 
solvent,  traces  of  anthracene  were  distilled  off,  and  then  the  remainder  was  distilled.  Two  fractions  were  obtained: 
the  first  2.5  g  (l97o)  boiling  at  200-210*  (2  mm)  and  the  second  2.8  g  boiling  at  210-230*(2  mm). 

The  first  fraction  had  a  bright  yellow  color  and  crystallized  rapidly.  On  repeated  crystallization  from  a  mix¬ 
ture  of  alcohol  and  benzene,  colorless  crystals  with  a  m.p.  of  170-171*  were  formed.  Analysis  of  them  gave  results 
corresponding  with  cyclohexylanthracene  (found  *70:  C  92.17;  H  7.80.  Calculated  *7o:  C  92.26;  H  7,74).  By  dehy¬ 
drogenation  over  platinized  carbon  a  product  was  obtained  from  which,  by  rccrystallization  from  alcohol,  2-phenyl- 
anthracene  with  a  m.p.  of  206-207*  as  described  in  the  literature  [9-11]  was  obtained. 

SUMMARY 

The  cyclohexylation  of  phenanthrene  by  cyclohexanol  (in  the  presence  of  aluminum  chloride)  and  by  chloro¬ 
cyclohexane  (without  a  catalyst  and  in  the  presence  of  freshly -reduced  copper)  was  studied.  In  all  cases  the  principal 
product  was  3 -cyclohexylphenanthrene,  while  2-cyclohexylphanthrene  was  formed  in  smaller  quantities.  In  the  re¬ 
action  with  aluminum  chloride  9-cyclohexylphenanthrene  was  formed  in  addition,  and  in  the  reaction  in  the  presence 
of  copper  1 -cyclohexylphenanthrene  was  also  formed. 

A  mixture  of  cyclohexylanthracenes  was  formed  by  the  reaction  of  anthracene  with  chlorocyclohexane  in  the 
presence  of  copper  and  the  presence  of  2 -cyclohexylanthracene  was  demonstrated. 
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In  preceding  communications  [1,  2]  we  were  the  first  to  describe  a  new  class  of  aganosilicon  compounds  con¬ 
taining  ^Si-O-N  =Ci^group— the  trialkylsilyl  ethers  of  aldoximes.  In  order  to  continue  the  study  of  organo- 

silicon  compounds  of  this  type  we  also  synthesized  O-trialkylsilyl  ethers  of  some  ketoximes  and  oximes  of  aromatic 
aldehydes. 

The  reaction  of  trialkylchlOTOsilanes  with  the  oximes  of  acetone,  diisobutylketone,  acetophenone,  benzaldchyde 
(a-form)  and  o-hydroxybenzaldehyde  proceeds  analogously  to  their  reaction  with  aliphatic  aldoximes  as  follows: 

Ik 

'C=N()li  l-CISin  ,"  1  Cr.UsN  G-rNDSiH  /' -t- C-IIr,N  .  MCI. 

ir  '  w 

o-llydroxybenzaldehyde  under  these  conditions  reacts  with  trimethylchlorosilane  and  on  the  hydroxyl  group 
with  the  formation  of  trimctiiylsilylhydroxy  derivatives  of  the  O-trimethylsilyl  ether  of  benzaldoxime. 

In  this  way  we  obtained  a  number  of  compounds  of  the  general  structure 

R'/ 

(I)  R  =:  R' 1=  U"  =  cn,;  (II)  R=  R'  =  CH,.  R''  =  (’.,Il5;  (III)  R  =  R' =  iSO-C.ll,.  R"  =  CH,; 

IV)  R  =  R"  =  CM,,  (V)R  =  H.  R' =  C.IU,  R"  =  CH,;  (VI)Rr=H.  R' =  C.H.OM. 

R"  =  r,H,;  (Vll)  R  =  H,  R' =  (’.,H.nSi(CHi)3.  R'-CIIj. 

The  organosilicon  ethers  of  the  oximes  are  colorless  liquids  and,  with  the  exception  of  derivatives  of  o-hy¬ 
droxybenzaldehyde,  they  have  a  faint  ether  odor.  The  trimethylsilyl  ether  of  o-hydroxybenzaldoxime  has  a  sharp, 
persistent  phenolic  odor  that  is  reminiscent  of  the  smell  of  roasted  coffee.  All  these  compounds  may  be  distilled  in 
vacuo  without  decomposition,  and  are  stable  on  standing.  Their  physical  constants  are  Shown  in  Table  1. 

The  observed  molecular  refraction  corresponds  well  with  the  values  calculated  for  O-trialkylsilyl  ethers  of 
aliphatic  ketoximes.  However  the  ethers  of  the  oximes  of  acetophenone  (IV),  a -benzaldoxime  (V)  and  o-hydroxy¬ 
benzaldoxime  (VI,  VII)  show  an  exaltation  which  can  probably  be  explained  by  the  presence  of  a  multiple  bond  con¬ 
jugated  with  the  benzene  ring.  A  similar  phenomenon  is  also  observed  with  unsubstituted  oximes  of  aromatic  al¬ 
dehydes,  with  their  alkyl  ethers  and  with  Schiff  bases  [3]  (see  Table  2). 

Like  the  O-trialkylsilyl  ethers  of  aliphatic  aldoximes,  all  the  compounds  synthesized  are  easily  soluble  in  or¬ 
ganic  solvents  and  practically  insoluble  in  water. 

It  might  be  expected  that  the  ethers  of  the  ketoximes  would  be  more  stable  to  hydrolysis  than  the  ethers  of 
the  aldoximes.  It  appeared  that  the 0-iriethylsilyl  ether  of  the  oxime  of  acetone  is  not  hydrolyzed  by  water.  The 
reaction  with  dilute  hydrochloric  acid,  with  heating  for  seven  hours,  only  proceeds  to  the  extent  of  40-50*70  according 
to  die  scheme: 


2(cn;,)j(:=^osi(CJi.-,)3 


114) 
5%  11(4 


2((:ii;,),c=NOn  ,  ((;,ii5),Si0Si(c,ii,,)3  i  11,0. 
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Hydrolysis  in  a  homogeneous  medium  takes  place  considerably  more  easily.  On  prolonged  stirring  of 
(CHsJjC  =NOSi(C2H5)5  with  a  large  excess  of  9^o  alcohol,  the  formation  of  the  oxime  of  acetone  {12,'fJo)  and  of 
triethylsilanol  (42®/o)  was  observed.  Apparently  the  stability  of  organosilicon  ethers  of  oximes  in  an  aqueous  medium 

is  due  to  their  poor  solubility.  No  significant  difference 
TABLE  2.  Specific  Exaltations  of  Compounds  with  between  the  hydrolytic  stability  of  trialkylsilyl  ethers  of 

the  Conjugated  System  aldoximes  and  ketoximes  was  observed. 


Compound 


®^^refr. 


It  is  known  that  the  reduction  of  O -alkyl  ethers  of 
ketoximes  by  lithium  aluminum  hydride  in  tetrahydro- 
furan  takes  place  with  the  rupture  of  the  N-O  bond. 


C«H5CH=NOSi(CH3)r,  (V) 
C,HsC(CH3)==NOSI(CH,)3  (IV) 
o-HOC,Il4'CH=NOSi(Cn3)n  (VI) 
o-(Cll3)3SiOCeH4CH=NOSi(Cll3)3(VII) 
C,H5CH=N0H 
C«H6CH=N0CH3 

CeHsCH^NCnHr, 

C,H5CH=NCeIl4CH3iJ 

CnH5CII=NC.,n3. 


0.98 
0.78 
1.43 
1.02 
1.35  |■^1 
1.54  PI 
2.51  (^1 
2.22  |:'| 
1.04  (;») 


fi'x  n'x 

)C=NOn'"  +  R'"OII 

We  observed  a  similar  phenomenon  on  hydrogenating 
O-trialkylsilyl  ethers  of  aliphatic  aldoximes  over  platinum 
black  [2]. 

The  reduction  of  the  O-trimethylsilyl  ether  of  the 
oxime  of  acetophenone  by  lithium  aluminum  hydride  by 
heating  for  six  hours  in  a  mixture  of  benzene -diethyl 


ether  occurred  in  similar  fashion.  Among  the  reduction 
products  organic  bases  were  found  which  were  separated  out  as  hydrogen  chloride  salts.  Thus  the  hydrogenation  of 


C€Hb(CH3)C=  NOSi(CH3)3  once  again  confirmed  the  correctness  of  our  assumption  of  the  structure  of  the  silyl  ethers 


of  the  oximes  as  O-derivatives. 


The  infrared  spectra  of  the  synthesized  compounds  show  the  characteristic  1065-1079  cm"^  frequency  which 
probably  is  due  to  the  vibration  of  the  Si— O  bond.  In  the  literature  the  Si-O  vibrations  are  assigned  the  frequency 
1020-1090  cm‘^  [5]. 


Palm  and  Werbin  [6]  assign  the  frequencies  in  the  1630-1662  cm"^  region  to  the  vibrations  of  the  C=N  bond. 
We  observed  intense  absorption  at  1630-1650  cm"^  in  the  O-trialkylsilyl  ethers  of  aliphatic  ketoximes.  However 
in  the  spectra  of  the  ethers  of  a-benzaldoxime  (V),  o-hydroxybenzaldoxime(VI  and  Vn)  and  of  acetophenoneoxime 
(IV)  there  is  very  weak  absorption  at  1670,  1650  and  1655  cm'^  respectively.  A  similar  weakening  of  the  intensity 
of  absorption  of  the  vibrations  of  the  C  =  N  group  in  aromatic  compounds  may  apparently  be  explained  by  the  con¬ 
jugation  of  the  C  =  N  bond  with  the  benzene  ring;  it  is  also  observed  in  the  infrared  spectra  of  the  oximes  and  hy- 
drazones  of  aromatic  compounds 


We  assigned  the  structure  (A) 


OH 


O-T- 


NOSi(CH3)3  to  compound  (VI)  on  the  basis  of  spectroscopic  data 


H  (A) 


and  determination  of  the  free  phenol  hydroxyl  group -qualitatively  by  the  reaction  with  FeCl3  (a  deep  cherry -violet 
color)  and  quantitatively  by  the  Terent'ev  method  (with  an  ether  solution  of  magnesium  methyl  iodide.)  The  hydrogen 
of  the  oxime  group  (by  the  Terent’ev  method)  was  not  determined  quantitatively  since  this  was  shown  by  the  analyses 
that  were  carried  out  on  a-benzaldosime  and  salicylaldoxime. 


A  diffuse  band  with  an  absorption  peak  at  3612  cm*^  was  found  in  the  infrared  spectrum  of  the  O-trimethylsilyl 
ether  of  o-hydroxybenzaldoxime.  which  is  identical  with  the  band  of  free  hydroxyl  in  2-methylphenol  (3615  cm"^)  [8]. 
In  the  spectra  of  non -substituted  a-  and  6 -benzaldoximes  absorption  bands  at  3250  and  3115  cm"^  respectively  are 
observed  [6]. 


EXPERIMENTAL 

Starting  Reagents 

g  -Benzaldoxime  was  prepared  by  the  method  of  Sieger  and  Klein  [9]  with  a  yield  of  92^70;  b.p.  99.5“  (4  mm), 
m.p.  35*.  The  literature  shows [10]:  b.p.  117* (14  mm),  m.p.  35*. 

o-Hydroxybenzaldoxime  (salicylaldoxime)  was  the  commerical  product  with  m.p.  58-58.5*.  The  Uterature[ll] 
shows:  m.p.  57-59*. 
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Acetoxime  was  synthesized  by  the  reaction  of  freshly  distilled  acetone  with  hydroxylamine  hydrochloride. 

Yield  52fyo.  M.p.  59-60.0*.  Literature  [12]:  m.p.  59.7-60*. 

The  oxime  of  diisobutylketone  was  prepared  by  heating  40  g  of  diisobuty  Ike  tone  with  Krismer  reagent  (7  g  of 
zinc  oxide,  14  g  of  hydroxylamine  hydrochloride  and  70  g  of  alcohol)  on  a  water  bath  at  80*.  After  heating  for  four 
hours  the  mixture  was  washed  with  ammonia,  the  oxime  of  diisobutylketone  was  extracted  with  ether  and  distilled  in 
vacuo.  The  oxime,  obtained  in  Ol^V*  yield,  had  the  following  constants: 

B.p.  98*  (6  mm),  nf}  1.4487,  d4®  0.8713,  MRp  48.38;  calc.  48.44.  Literature  [13,  14]:  b.p.  104-106*  (10  mm), 
114-116*  (20  mm). 

The  oxime  of  acetophenone  was  prepared  by  the  reaction  of  hydroxylamine  hydrochloride  on  a  solution  of 
acetophenone  in  alcohol  with  the  gradual  addition  of  the  calculated  quantity  of  sodium  hydroxide.  Yield  92f^.  M.p. 
58-58.5*  (from  hot  water).  Literature  [15]:  m.p.  57.5-57.8*. 

Trimethylchlorosilane  with  b.p.  58-59.5*.  np  1.3886  was  obtained  by  distilling  the  commerical  product.  Tri- 
ethylchlorosilane  with  b.p.  143-145*,  n^  1.4310  was  synthesized  by  the  reaction  of  acetyl  chloride  on  triethylsilane 
in  the  presence  of  a  catalytic  quantity  of  anhydrous  AlCl3[16]. 

Pyridine  was  the  technical  product,  dried  over  potassium  hydroxide  and  distilled  over  a  small  quantity  of 
metallic  sodium;  b.p.  114.5-115*,  n^  1.5090. 

For  the  preparation  and  analysis  of  the  organosilicon  ethers  of  ketoximes  and  oximes  of  aromatic  aldehydes 
the  method  previously  described  [2]  was  used. 

The  infrared  absorption  spectra  were  obtained  on  an  IKS -11  instrument  with  a  NaCl  prism  in  the  region  of 
700-1900  cm'^  the  thickness  of  the  layers  was  3  and  23  /i .  In  the  case  of  the  O-trimethylsilyl  ether  of  salicylal- 
doxime  an  additional  spectrum  was  taken  with  a  LiF  prism  in  the  2900-3700  cm"*  region  with  a  layer  thickness 
of  9  fi . 

The  O-trimethylsilyl  ether  of  acetoxime  (I).  During  the  course  of  1.5-2  hours  18  g  of  trimethylchlorosilane  in 
80  ml  of  benzene  were  added,  with  cooling  and  vigorous  stirring,  to  a  mixture  of  54.5  g  of  acetoxime,  80  ml  of 
benzene  and  60  ml  of  pyridine.  After  stirring  for  four  hours  the  precipitate  of  pyridine  chlorohydrate  (83.2  g;  97^) 
was  filtered  off;  the  benzene  was  distilled  off  and  the  residue  twice  redistilled  in  vacuo.  50.7  g  (50.37o)  of  product 
(I)  was  obtained;  b.p.  120-120.5*  (776  mm),  nfj  1.4112.  d^4®  0.8318. 

The  O-triethylsilyl  ether  of  acetoxime  (II).  36.5  g  of  acetoxime,  75.1  g  of  triethylchlorosilane,  40  ml  of 
pyridine  and  100  ml  of  benzene  were  mixed  as  in  the  preceding  experiment.  54  g  (95.6fV<»)  of  pyridine  hydrochloride 
was  obtained.  On  redistillation  49  g  (52.6^o)  of  product  (II)  was  obtained:  b.p.  40-41*  (1  mm),  n^  1.4340,  d4° 
0.8555. 

The  O-trimethylsilyl  ether  of  a-benzaldoxime  (V).  37.4  g  of  a  -benzaldoxime,  33  g  of  trimethylchlorosilane, 
24  ml  of  pyridine  and  60  ml  of  benzene  were  mixed  in  similar  fashion.  34  g  (87.47o)  of  pyridine  hydrochloride  was 
obtained.  On  distillation  of  the  residue  after  removing  the  benzene,  49  g  (52.&}o)  of  (V)  was  obtained;  b.p.  81-82* 
(2.5  mm).  nJJ  1.5114,  d^®  0.9657. 

The  O-trimethylsilyl  ether  of  the  oxime  of  acetophenone  (IV).  26  g  (44.1^70)  of  product  (IV)  with  b.p.  93-94* 

(4  mm),  lip  1.5073.  d^®  0.9607  and  34.2  g  (97.4%)  of  pyridine  hydrochloride  were  obtained  from  the  reaction  of  40  g 
of  the  oxime  of  acetophenone.  33  g  of  trimethylchlorosilane.  and  24  ml  of  pyridine  in  240  ml  of  benzene. 

The  O-trimethylsilyl  ether  of  the  oxime  of  diisobutylketone  (III).  By  mixing  benzene  solutions  of  24  g  of  the 
oxime  of  diisobutylketone  and  16.5  g  of  trimethylchlorosilane  in  the  presence  of  13  ml  of  pyridine  as  described  above, 
16.8  g  (967o)  of  pyridine  hydrochloride  and  21.4  g  (60.3^o)  of  product  (III)  with  a  b.p.  of  70*  (4  mm),  np  1.4267,  d^® 
0.8295. 

The  O-trimethylsilyl  ethers  of  o-hydroxybenzaldoxime(salicylaldoxime)  (VI  and  VII).  By  carrying  out  the  syn¬ 
thesis  in  similar  fashion  with  40  g  of  salicylaldoxime,  62.7  g  of  trimethylchlorosilane  and  46  ml  of  pyridine  in  200  ml 
of  absolute  ether,  61.5  g  (91.1%)  of  pyridine  hydrochloride  was  obtained,  and  after  repeated  fractional  distillation 
9.4  g  (14.3%)  of  product  (VI)  with  b.p.  110-111*  (4  mm),  np  1.5200,  d4®  1.0174  was  separated  and  also  29  g  (35.3^o) 
of  product  (VII)  with  b.p.  128-128.8°  (4  mm),  n^  1.4950,  (^®  0.9621. 
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Determination  of  the  hydroxyl  group  in  product  (VI)  by  the  Terent'ev  method  (with  magnesium  methyl  iodide). 
Found‘d:  0118.7,8.67.  CioH^OjNSi.  Calculated *70;  OH  8.12. 

Determination  of  the  hydroxyl  group  in  a-benzaldoxime. 

Found‘d:  011  9.20,  8.80.  C7H7ON.  Calculated*^:  OH  14.05. 

Determination  of  the  hydroxyl  group  in  salicylaldoxime. 

Found *70:  OH  21.3,  22.2.  CjIlvOfeN.  Calculated  *70;  OH  24.9  (for  two  OH  groups). 

The  reduction  of  0-trImethylsilyl  ether  of  the  oxime  of  acetophenone  by  lithium  aluminum  hydride.  4.3  g  of 
the  O-trimethylsilyl  ether  in  a  mixture  of  absolute  ether  (20  ml)  and  anhydrous  benzene  (30  ml)  was  added,  with 
vigorous  stirring,  to  a  solution  of  2.28  g  of  LJAIH4  in  55  ml  of  absolute  ether.  The  reaction  mixture  was  boiled 
under  a  reflux  condenser  for  six  hours  and  then  it  was  carefully  decomposed  by  the  slow  addition  of  moist  ether  (cal¬ 
culated  at  the  rate  of  1.5  g  of  water  per  gram  of  LiAlH4)  and  dilute  hydrochloric  acid  (1  :  10)  until  a  clear  aqueous 
solution  was  formed.  The  aqueous  and  organic  layers  were  separated,  the  aqueous  layer  extracted  with  ether,  the 
etfier  extracts  combined  with  the  organic  layer  and  then  dried  over  calcium  chloride. 

On  distillation  of  the  organic  layer  2  g  of  a  liquid  was  obtained  which  was  a  mixture  of  hexamethyldisiloxane 
and  benzene  with  b.p.  84-100“,  n^  1.4516.  A  2(f7o  solution  of  potassium  hydroxide  was  added  to  the  aqueous  layer 
until  it  gave  an  alkaline  reaction  to  litmus  and  the  organic  bases  were  distilled  into  75  ml  of  a  0.2  N  solution  of 
hydrochloric  acid.  The  distillate  was  poured  into  a  200  ml  measuring  cylinder  and  analyzed.  Parallel  tests  on  10  ml 
of  the  solution  took  up  2.15  ml  of  0.1015  N  NaOH  with  a  bromphenol  blue  indicator,  which  corresponds  with  11.63  mg- 
equiv.  of  organic  bases  (calculated  on  the  basis  of  a-phenylethylamine-1.42  g).  On  evaporation  of  the  acid  so¬ 
lution  on  a  water  bath,  1.5  g  of  the  hydrochloride  salt  were  obtained. 

The  hydrolysis  of  O-triethylsilyl  ether  of  acetoxime  was  carried  out  in  a  three-necked  50  ml  round -bottomed 
flask  equipped  with  a  reflux  condenser  and  a  stirrer,  a)  4.6  g  of  the  O-triethylsilyl  ether  of  acetoxime  and  5  ml  of 
distilled  water  were  mixed  at  room  temperature  for  four  hours.  No  warming  of  the  reaction  mixture  was  observed. 
Then  the  organic  and  aqueous  layers  were  separated.  The  organic  layer  had  nj)  1.4342;  the  aqueous  layer  n^  1.3338. 
The  same  results  were  obtained  on  heating  the  mixture  on  a  water  bath  at  80-90°. 

b)  20  g  of  the  O-triethylsilyl  ether  of  acetoxime  and  23,4  ml  of  ^0  hydrochloric  acid  were  stirred  and  heated 
on  a  water  bath  to  90“  for  seven  hours.  The  aqueous  layer  was  extracted  with  ether.  The  ether  extract  and  the  or¬ 
ganic  layer  were  distilled.  On  distillation  3.5  g  (44.8^7o)  of  acetoxime,  b.p.  137-140“,  m.p.  58-60“  and  5  g  (38.1*7o) 

of  hexaethyldisiloxane,  b.p.  210-232“,  np  1.4335  were  obtained.  On  distilling  this  with  anhydrous  aluminum  chloride, 
3.3  g  (92. *^0)  of  triethylchlorosilane,  b.p.  142-145“,  n^  1.4310  were  obtained. 

c)  8.15  g  of  the  O-triethylsIlyl  ether  of  acetoxime  was  mixed  with  30  ml  of  95*70  alcohol  at  room  temperature 
for  20  hours.  On  distillation  2.3  g  (72.7*70)  of  acetoxime,  b.p.  134-140“,  m.p.  59-60“  and  2.4  g  (42.1*7®)  of  triethyl- 
silanol  were  obtained: 

B.p.  150-154“,  nj?  1.4329,  0.8632.  The  literature  shows  [17]:  b.p.  150-154“,  n^  1.4329,  d^/  0.8638. 

SUMMARY 

The  O-triethylsilyl  ethers  of  the  oximes  of  ketones  and  aromatic  aldehydes  were  synthesized  for  the  first  time 
and  tiieir  infrared  spectra  obtained.  The  hydrolysis  and  hydrogenolysis  of  some  of  the  products  obtained  were  studied. 
It  was  shown  that  when  trimetliylchlorosilane  reacts  with  o-hydroxybenzaldoxime,  both  oxime  and  phenol  hydrogen 
atoms  enter  into  the  reaction. 
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A  study  of  the  chloroacetylation  of  aminophenols  by  ketene  and  monochloroacetic  acid  has  shown  that  these 
compounds  are  converted  into  the  corresponding  N-chloroacetanilides  only  to  the  extent  of  30-40^0  whereas  other 
substituted  anilines  give  good  yields  [1  -3], 

In  order  to  find  the  optimum  conditions  we  carried  out  a  series  of  experiments  in  which  the  concentration  of 
the  amines  varied  from  0.3  to  0.9  moles  per  mole  of  the  mixed  anhydrides  of  acetic  and  monochloroacetic  acids. 
The  yields  obtained,  however,  were  not  high.  It  appeared  that  these  results  could  be  explained  by  the  formation  of 
a  complex  mixture  consisting  of  0,N-dIchloroaceto,  N -chloroaceto  and  O-chloroaceto  derivatives  in  accordance  with 
the  following  scheme; 


ocociiaCi  on  ()C()(:n.,ci 

('fill  I  < —  — ►  ('fiiU- 

NHCocii.,(:i  Nil.,  Niij 

i 

oil 

^NIlCOCIIoCl 

In  ajl  cases,  however,  study  of  the  reaction  products  showed  only  N -chloroaceto  derivatives  and  the  original 
aminophenols.  Ace  to  derivatives  whose  formation  were  theoretically  probable  were  not  found.  One  may  assume 

that  the  reason  for  the  inhibition  of  the  reaction  is  the  stable  hy¬ 
drogen  bonds  of  the  aminophenols.  The  steric  factor,  apparently, 
does  not  limit  the  reaction,  since  the  introduction  of  a  third  sub¬ 
stituent  (chlorine,  or  a  nitro  group)  into  the  molecule  favorably 
affects  the  chloroacetylation  of  these  compounds. 

EXPERIMENTAL 

Experiments  on  the  chloroacetylation  of  aminophenols  were 
carried  out  for  the  purpose  of  determining  the  conditions  for  maximum 
yields.  It  is  known  that  a  mixed  anhydride  of  monochloroacetic  and 
acetic  acids  distills  in  a  broad  temperature  range  [120-125°  (110  mm) 
or  25-28°  (0.01  mm)].  Under  these  eonditions  it  is  difficult  to  ob¬ 
tain  strictly  constant  composition  of  the  mixed  anhydride  if  it  is  pre¬ 
pared  separately  for  each  experiment.  Therefore,  we  proceeded  as 
follows:  the  freshly  distilled  mixed  anhydride*  was  poured  from  a 
burette,  with  stirring,  in  3.5  ml  quantities,  into  beakers  containing, 
respectively,  0.3,  0.4,  0.5,  0.6,  0.7,  0.8,  0.9  g-moles  of  aminophenol 
calculated  on  the  amount  of  anhydride.  Each  concentration  was  checked  by  three  parallel  experiments.  The  mix¬ 
ture  was  allowed  to  stand  fcx  24  hours,  after  which  it  was  recrystallized  from  water.  The  results  of  the  chloroacetyla¬ 
tion  of  m -aminophenol  are  shown  in  the  figure;  the  ortho  and  para  isomers  give  maximum  yields,  corresponding  to 
46  and  4^o  respectively,  under  the  same  conditions. 

*  The  mixed  acetic-  and  chloroacetic  anhydrides  were  prepared  by  passing  ketene  into  monochloroacetic  acid.  The 
ketene  was  obtained  by  the  pyrolysis  of  acetone  at  700°. 


Quantity  ot  m -aminophenol  in 
moles  per  mole  of  mixed 
anhydride 

The  chloroacetylation  of  m  -aminophenol 


\ 
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Reaction 

Chlorine  con¬ 
tent 

Compound 

M.  p. 

temp. 

found 

calcu¬ 

lated 

N  -Chloroacetyl  -2  -aminophenol 

140 

46.2 

85“ 

19.35 

19.10 

N  -Chloroacetyl -3  -aminophenol* 

134-136 

34.9 

82 

18.91 

19.10 

N  -Chloroacetyl -4 -aminophenol 

144-146 

48.7 

87 

19.23 

19.10 

N  -Chloroacetylbenzylamine 

92-94 

33.3 

110 

19.24 

19.30 

N  -Chloroacetylcyclohexylamine 

N -Chloroacetyl  -  a- amino  - 

107-108 

42,7 

95 

20.11 

20.17 

pyridine*  * 

N  -Chloroacetyl  -4-nltro-2- 

109.5  (from  water) 

35 

76 

20.93 

20.78 

aminophenol 

N  -Chloroacetyl  -4  -chloro  -2  - 

227-229  (with  de- 
decomp.) 

61.5 

82 

14.9 

15.37 

aminophenol 

180-183 

58.7 

64 

15.8 

16.11 

N  -Chloroacetyl -2  -ethylaniline*** 

N  -  Chloroa  cety  1  -2 , 5  -d  im  ethy  1  - 

91-92 

63 

80 

17.82 

17,93 

aniline 

N  -Chloroacetyl  -2,6  -dimethyl- 

151 

65 

83 

17.86 

17.93 

aniline 

N  -  Chloroa  cetyl  -  4  -  nitro  -2  - 

145 

63 

82 

17.91 

17.93 

aminotoluene 

144-146 

44.4 

67 

15.6 

15.5 

*  Severely  irritates  the  mucous  membranes  of  the  nose  and  throat. 

*  *  Melts  completely  at  109.5“,  then  slowly  goes  over  into  the  solid  state  and  dien  melts  with 
decomposition  at  213”. 

*  •  *  Crystals  (from  glacial  acetic  acid). 

The  chloroacetylation  of  other  aromatic  amines  was  carried  out  by  a  somewhat  different  method.  Ketene  was 
passed  into  10  g  of  mcHiochloroacetic  acid  until  the  mixed  anhydride  was  formed.  This  solution  (without  distillation) 
was  poured  into  a  beaker  containing  0.7  g -moles  of  the  amine  (calculated  on  the  basis  of  10  g  of  monochlOToacetic 
acid).  The  temperature  was  measured  during  the  reaction  and  the  mixture  allowed  to  stand  frx  10-12  hours.  The 
contents  of  the  beaker  were  recrystallized  from  aqueous  alcohol  until  standard  melting  points  were  obtained.  The 
chlorine  content  was  determined  according  to  Moore.  The  results  of  this  part  of  the  study  are  shown  in  the  table. 

SUMMARY 

A  series  of  chloroacetyl  derivatives  of  aromatic  amines  were  prepared  and  characterized. 
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The  present  article  gives  the  results  of  a  study  of  the  reaction  of  trialkylalkoxystannanes  with  ketene. 

Trialkylalkoxystannes  are  capable  of  reacting  with  enol  acetates,  as  we  have  shown  previously  [1],  and  yielding 
a -metal  substituted  ketones.  Containing  our  study  of  the  reaction  of  trialkylalkoxystannanes  with  unSaturated  com¬ 
pounds,  we  investigated  the  reaction  of  organo-tin  alcoholates  with  ketene. 

On  passing  an  excess  of  ketene  into  an  ether  solution  of  RgSnOR’  an  energetic  reaction  occurs  and  heat  is  given 
off.  A  compound  containing  tin,  with  a  yield  of  10-8(fJo,  may  be  obtained  from  the  reaction  mixture  on  distillation. 
One  might  suppose  that  the  reaction  of  organo-tin  alcoholates  would  result  in  the  formation  of  a  metal -containing 
ester  of  acetic  acid  (I)  or  an  O-metallic  derivative  of  the  semiacetal  of  ketene  (II), 


H^SnOR'  +  CIl2=C=0 


/ 

\ 


RaSnCIIaCOOR' 

/OR' 

CH2=C< 

\OSnR3 


(I) 

(II) 


The  question  as  to  whether  the  compound,  prepared  by  the  reaction  of  ketene  with  trialkylalkoxystannane,  has 
the  structure  of  an  ester  (I)  or  that  of  a  derivative  of  ketene  (II),  was  determined  by  a  study  of  the  infrared  absorp¬ 
tion  spectra  in  two  regions:  1600-1750  cm"^  where  the  bands  are  located  that  ccxrespond  with  the  C  =  C  and  C  =0 
bond  vibrations  in  esters,  and  also  1200-1300  cm"^  where  the  bands  are  located  that  correspond  to  the  C-O  bond. 

In  die  infrared  spectra  of  the  ofgano-tin  compounds  intense  absorption  was  observed  in  the  1706-1718  cm"^*  region 
(where  R  =  C2H5  :  1718  cm"^  for  R*  =  CH3,  1714  cm"^  for  R'  =  I'^IO  cm"^  for  R'  =  C3H7;  where  R  =  C3H7  : 

:  1718  cm‘^  for  R’  =  CH3,  1706  cm'*  for  R’  =  QHj  and  1710  cm'*  for  R’  =  C3H7). 

For  saturated  esters  there  is  a  characteristic  band  in  the  1750-1735  cm'*  region.  However  die  presence  of  a 
tin  atom  in  the  a -position  to  the  carboxyl  group,  with  regard  to  the  high  polarizability,  must  result  in  a  decrease  of 
the  frequency  of  absorption  (analogous  to  the  reduction  of  the  C  =  O  vibrations  in  organo-tin  ketones  containing  a 
tin  atom  in  the  a-position  to  the  carboxyl  group  [1]  which,  as  a  matter  of  act,  is  observed). 

The  absorption  band  corresponding  to  the  presence  of  the  C  =C  bond  (structure  II),however,  must  be  found  in 
the  1600-1625  cm"*  region  (thus,  for  the  lithium  vinylate  which  was  previously  described,  the  absorption  band  corre¬ 
sponding  to  the  vibrations  of  the  double  bond  is  found  at  1610  cm'*  [2]),  Moreover,  all  the  compounds  prepared  had 
intense  absorption  bands  in  the  fairly  narrow  1240-1244  cm"*  region,  which  are  due  to  the  C~0  group.  These  data 
permit  us  to  assign  an  organo-tin  ester  structure  to  the  compounds  that  were  prepared. 

Thus,  the  reaction  of  R3SnOR’  with  ketene  proceeds  in  accordance  with  the  following  equation: 

RnSnOR'  CH2=C=0  — ►  RaSnCIIaCOOR'. 

The  reaction  which  we  discovered  has  made  it  possible  to  prepare  a  series  of  organo-tin  esters;  the  constants, 
yields  and  analytical  data  of  these  substances  are  given  in  the  table. 


*  We  take  this  opportunity  to  thank  L,  A.  Kazitsin  and  L.  D.  Ashkinadze  for  carrying  out  the  spectroscopic  study  of 
the  esters  of  trialkylstannylacetic  acid. 
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Organo-Tin  Esters 


# 

B.p. 

(pressure  in 
mm) 

1  Found  (<^())  j 

Calculated  (%) 

Formula 

T3 

4) 

>- 

20 

"D 

c 

H 

Sii 

c 

H 

Sn 

(C.,H..i)3SnCll2COOCH3 

70 

71-72°  (2) 

1.4833 

1.2958 

38.51. 

7.22, 

42.58. 

38.75 

7.23 

42.55 

38.62 

7.26 

42.48 

(CaHslaSnCIIaCOOCaMs 

81 

78-79  (2) 

1.4794 

1.2586 

40.76. 

7.67, 

40.33. 

40.99 

7.57 

40.52 

40.86 

7.69 

40.38 

(CoHslaSnCHaCOOCaH; 

57 

91  -92  (2) 

1.4777 

1.2194 

43.37. 

8.17. 

37.69. 

43.03 

7.88 

37.78 

43.31 

8.11 

37.84 

(Cnn7)3SnCll2COOCIl3 

76 

92-93  (1) 

1.4818 

1.20154 

44.74. 

8.01. 

37.17. 

44.89 

8.16 

:.98 

44.74 

8.17 

37.20 

(CnM^^iSnCFljCOOCsHr, 

75 

105-107  (1) 

1.4784 

1.1789 

46.60, 

8.63. 

3.5.49. 

46.60 

8.42 

35.43 

46..5.5 

8..58 

35.59 

(C3ll7)3SnCM2C()0(:;,Il7 

72 

110-111  (1) 

1.4772 

1.1.538 

48.51, 

8.78. 

33.76. 

48.17 

8.66 

34.00 

1 

48.49 

8.88 

.33.60 

Three  organo-tin  esters,  as  well  as  organo-tin  ketones  containing  an  atom  of  tin  in  the  a-position  [1]  to  a 
carbonyl  group  are  easily  hydrolyzed  by  water.  Thus,  on  hydrolyzing  the  methyl  ester  of  triethylstannylacetic  acid, 
tirethyl  tin  hydroxide  is  obtained  which  is  further  acylated  by  the  methyl  acetate  which  is  formed,  giving  triethyl 
tin  acetate.  In  these  organo-tin  esters,  in  an  analogous  fashion,  the  Sn~C  bond  is  broken  by  the  action  of  methyl  al¬ 
cohol,  resulting  in  the  formation  of  the  original  trialkylmethoxystannane  and  methyl  acetate.  Such  an  easy  rupture 
of  the  Sn~C  bond  is  undoubtedly  dependent  on  the  presence  in  the  molecule  of  a  o  —  ir  linking. 

It  should  be  noted  that  an  organo-tin  ester  containing  a  tin  atom  in  the  a -position  to  an  ester  group  was  first 
prepared  by  Lesbre  and  Buisson  [3]  by  the  action  of  tripropylstannane  on  diazoacetic  ester.  This  compound  was  de¬ 
scribed  as  a  yellov.'  oil  with  a  b.p.  of  136-140°  (11  mm).  No  odier  characteristics,  not  even  an  analysis  fw  carbon 
and  hydrogen,  were  given.  The  sample  of  the  ethyl  ester  of  tripropylstannylacetic  acid  prepared  by  us  and  diaracter- 
ized  by  complete  analysis  and  infrared  spectrum  was  a  colorless  liquid  with  a  b.p.  of  105-107°  (1  mm).  Distillation 
at  a  higher  pressure  (5-6  mm)  resulted  in  a  noticeable  decomposition  of  the  product,which,  under  these  conditions, 
distills  as  a  yellow  liquid.  These  data  lead  us  to  believe  that  Lesbre  prepared  and  described  a  substance  that  was  not 
completely  pure. 

In  addition  to  the  trialkylalkoxystannanes  already  described  [1],  we  made  use  of  the  following  which  have  not 
been  described  previously:  (C2H5)aSnOQH7,  b.p.  83-84°  (8  mm),  1,4660,  d4®  1.2019;  (C3H7)5SnC)C2H5,  b.p.  89-90* 
(3  mm),  no  1,4689,  c?/  1.1634;  (C3H7)3SnOC3H7,  b.p.  93-94°  (2  mm),  nJJ  1.4383,  d^4®  1.1336. 

EXPERIMENTAL 

Preparation  of  the  methyl  ester  of  triethylstannylacetic  acid.  During  the  course  of  15  minutes,  0.1  g  mole  of 
ketene  was  passed  into  a  solution  of  13.3  g  of  trie  thy  Imethoxystannane  in  25  ml  of  absolute  alcohol;  heating  of  the 
reaction  mixture  was  noted.  After  removal  of  the  solvent,  the  residue  was  distilled  in  vacuo.  The  yield  of  the  methyl 
ester  of  triethylstannylacetic  acid  was  11  g  (KfJo);  b.p.  71-72°  (2  mm). 

The  reaction  of  the  methyl  ester  of  trietfiylstannylacetic  acid  with  water.  0.15  g  of  water  was  added  to  2.6  g 
of  the  methyl  ester  of  triethylstannylacetic  acid.  Within  one  minute  the  mixture  noticeably  warmed  up  and  com¬ 
pletely  crystallized  as  triethyl  tin  acetate;  m.p.  131-131.5°  (from  isooctane). 

The  reaction  of  the  methyl  ester  of  tripropylstannylacetic  acid  with  methyl  alcohol.  0.5  g  of  absolute  methyl 
alcohol  was  added  to  4.4  g  of  the  methyl  ester  of  tripropylstannylacetic  acid.  After  heating  for  one  hour  at  50-60°, 
0.6  g  of  the  methyl  ester  of  acetic  acid  (60^o)  [b.p.  54-54.5°  (735  mm),  n^  1.3588]  and  3.2  g  (80^)  of  tripropyl- 
methoxytin  with  a  b.p.  of  84-85°  (3  mm)  and  np  1.4750  (from  the  literature:  b.p.  87-88°  (3  mm),  n^  1.4748  [1]) 
were  obtained  by  distillation. 

SUMMARY 

A  series  of  esters  of  trialkylstannylacetic  acid  were  prepared  by  the  reaction  of  trialkylalkoxystannanes  with 
ketene. 
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This  study  is  the  continuation  of  an  investigation  of  the  reaction  of  phosphorus  pentachloride  with  enol  esters 
in  carbon  tetrachloride  [1,  2],  As  was  shown  in  the  case  of  vinyl  acetate  and  isopropenylacetate,  this  reaction  occurs 
in  two  stages:  at  first  phosphorus  pentachloride  combines  at  a  C  =  0  bond  of  the  unsaturated  ester;  the  resulting  prod¬ 
uct  separates  out  at  low  temperature  as  a  double  compound  with  a  second  molecule  of  phosphorus  pentachloride  (!)• 

If,  however,  the  reaction  is  heated,  the  primary  product  of  the  combination  of  phosphorus  pentachloride  and  an  enol 
ester  is  rearranged  to  give  a  phosphorylated  0,8  -dichloroketone  (ch:  0  -chlorovinylketone). 


Cl 


Cl 

I 

n-c-cii2i’ci4 

I 

OCOU' 


H_C=CH2 

I 


2PCU 

(CCI.)’^ 


OCOll' 


R-C— CH2PCI4  •  PCI5 

I 


pels 


It  =  H 


-2HCI 

-POCI, 


OCOR' 

(I) 

Cl 


Cl 


so. 


-HCl 

-POClj 


R=  CH, 


r-C-CHPCL  R-C-CH-POCI2 

I  I  I  I 

Cl  COR' 


(II) 

R— C=C-PCl4 

I  I 

Cl  COR' 

(IV) 


Cl  COR' 

(HI) 

R— (.=C— POCI, 
-SOC1,  I  I 

Cl  COR' 

(V) 


The  results  of  a  further  study  of  this  reaction  with  the  vinyl  and  isopropyl  esters  of  propionic,  n -butyric  and 
benzoic  acids  (R’  =  C^Hs,  C3H7  and  QHs)  are  shown  below.  The  reaction  was  carried  out  by  the  method  described 
previously,  namely,  by  the  addition  of  the  ester  to  a  suspension  of  phosphorus  pentachloride  in  carbon  tetrachloride 
(the  vinyl  esters  at  room  temperatine  and  the  isopropenyl  esters  at  50-80').  Then  the  temperature  was  gradually 
raised  to  40'  (in  the  case  of  the  vinylesters)  or  to  70-78'  (for  the  isopropenyl  esters).  Furthermore  the  reaction  mix¬ 
ture  was  cooled  and,  in  order  to  cemvert  the  PCI4  group  into  the  POCl*  group,  it  was  treated  with  sulfur  dioxide.  The 
chltxides  of  a-propionyl  and  a-butyryl-0,0  -dichloroethylphosphinic  acids  were  obtained  in  excellent  yields  (about 
9(fVo)  from  the  vinyl  esters  of  propionic  and  butyric  acids.  The  chloride  of  a-benzoyl-  0,0 -dichloroethylphosphinic 
acid  was  obtained  from  the  vinyl  ester  of  benzoic  acid  in  a  S3lo  yield;  the  reaction  was  canied  out  at  45-50'. 


The  chlorides  of  a -acyl-  0  -chloropropenylphosphinic  acids,  synthesized  from  the  isopropenyl  esters  of  car¬ 
boxylic  acids,  were  obtained  in  smaller  yields  than  from  the  vinyl  esters  as  was  previously  noticed  in  the  preparation 
of  analogous  chloride  from  isopropenyl  acetate  and  vinyl  acetate  [1].  It  was  not  possible  to  prepare  the  chloride  of 
a-benzoyl-  0  -  chloropropenylphosphinic  acid  from  the  isopropenyl  ester  of  benzoic  acid.  Instead,  the  chloride  of  0  - 
benzoyloxypropenylphosphinic  acid  (VI)  was  obtained. 


Cl 

CH3-(|:-CH2-PCl4-PCl5'iScH3-<j:=CH-PCl4-PCl5^-^(j:H3-C*CH-POClj  ^2SOCl8  +  POCI9 

OCOCfiHs  OCOCfiHs  OCOQHg 

(VI) 
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All  these  chlorides  are  colorless  or  slightly  yellowish  liquids  with  a  characteristic  odor.  The  chlorides  of  the 
(^osphinic  acids  were  subsequently  converted  into  the  corresponding  diethyl  esters  by  treating  them  with  an  equivalent 
quantity  of  alcohol  and  pyridine  In  absolute  ether.  Under  similar  conditions  the  dibutyl  ester  of  the  previously  de¬ 
scribed  chloride  of  a-acetyl-  3-chlcH:opropenylphosphinic  acid  was  also  obtained.  We  obtained  the  diethyl  ester  of 
a-propionyl  and  a -butyryl- 8 -chlorovinylphosphinic  acids  (VII)  by  the  esterification  of  the  chlorides  of  a-acyl-  8,6- 
dichlcffoethylphosphinic  acids  by  alcohol  in  the  presence  of  an  excess  of  an  organic  base. 

CljCH-CH-POCl.  CIC:U=C-PO(OC2H5)2  +  3(C2ll5)3N.  IICI 

I  I 

con'  COR' 

(VII) 

Il'  =  C,H„  CjH,. 


It  is  noteworthy  that  there  is  a  considerable  discrepancy  between  the  observed  and  calculated  molecular  refrac¬ 
tions  both  of  the  chlorides  and  the  esters  of  these  phosphinic  acids  which,  apparently,  is  due  to  the  presence  of  a  large 
number  of  polar  groups  in  their  molecules.  In  each  type  of  compound,  however,  the  difference  in  the  refractions  of 
individual  representatives  is  of  the  same  order  of  magnitude. 

We  have  pointed  out  previously  [1]  that  unsaturated  compounds  of  type  (VIII) 

R  POXj 

I  I 

Cl-C=c— COR' 

(VIII) 

R  =  H.  CH,: 

R'  =  CH„  C,H„  C,H,.  C,H,; 

X  =  Cl.  OC,H„  OC,H,. 

may  be  considered  as  a-phosphorylated  8  -chlorovinylketones.  It  was  therefore  of  interest  to  study  some  of  their 
properties. 

The  structure  of  the  phosphorylated  8  -chlorovinylketones  was  established  by  hydrolyzing  them.  Thus,  the 
diethyl  ester  of  a-acetyl-  8 -chloropropenylphosphinic  acid  was  hydrolyzed  in  dioxane  in  the  presence  of  a  few  drops 
of  concentrated  hydrochloric  acid  in  four  days  at  room  temperature  [2];  this  gives  phosphone  acetone  (K) 


CR3-C=C-PO(OC2M.s)2 


H,0 
(H  +  )‘ 


OIF 

I 

CH3-C-CIIP0(0C2H5)., 

,  ,  I  II 

Cl  COCH3  •  Cl  COCH3 

CM, coon  4  MCI  4-  cn3C0cii2P0(0C2H.,)2- 
(IX) 


H,0- 


Infrared  absorption  spectra  were  taken  in  order  to  confirm  the  structure  of  the  phosphcaylated  8  -chlorovinyl¬ 
ketones.  An  intense  absorption  band  at  1658  cm"^  was  observed  in  the  infrared  spectrum  of  the  diethyl  ester  of  a- 
acetyl-8  -chloropropenylphosphinic  acid  which  corresponds  to  the  vibrations  of  tlie  conjugated  C  ==  O  (ketone)  bond, 
and  also  a  band  at  1630  cm"^  corresponding  to  the  conjugated  C  =  C  bond. 

It  is  well  known  that  the  chlorine  atom  in  8 -chlorovinylketones  has  a  high  mobility  [3],  In  contrast  to  them, 
the  a-phosphorylated  8 -chlorovinyl  ketones  have  a  relatively  less  mobile  chlorine  atom.  Thus,  the  ester  of  a- 
acetyl-6  -chloropropenylphosphinic  acid  does  not  form  a  quaternary  pyridine  salt  with  pyridine  even  on  heating.  How 
ever,  this  compound,  when  treated  with  an  alcoholic  solution  of  sodium  alcoholate  at  40-50",  substitutes  an  alkoxy 
group  for  an  atom  of  chlorine;  an  acetyl  group  is  split  off  simultaneously. 


CM3-(:=CI’0(OC4Ho)2 


C.H.ONa 

TcTh^h? 


Cl  COCII3 


CIl3-C=Cn-IH)(()C4ll9), 

I 

‘^^4119 

(X) 


By  the  use  of  this  reaction  it  was  possible  to  synthesize  the  esters  of  6 -alkoxypropenylphosphinic  acid— alkylated 
derivatives  of  the  enol  form  of  phosphone  acetone. 
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The  structure  of  the  dibutyl  ester  of  6  -butoxypropenylphosphinic  acid  (X)  obtained  in  diis  way  was  established 
by  hydrolysis  with  water  in  dioxane.  In  the  presence  of  hydrochloric  acid  hydrolysis  leads  to  the  fcvmation  of  the 
dibutyl  ester  of  phosphone  acetone  (XI). 

r.ii,_r=(;npo(0(:,ii„),  cii;,t:ocii2ro{oc4Ho)2H-  C4ii„on 

UC.W^  (XI) 

An  absorption  band  at  1620  cm"^  was  found  in  the  infrared  absorption  spectra  of  alkoxy  compounds,  which  corre¬ 
sponds  to  the  vibrations  of  the  C  =  C  bond,  displaced  as  a  result  of  linking  with  the  P  =  O  bond. 

Thus,  on  the  basis  of  the  results  of  hydrolysis,  of  the  action  of  pyridine  and  of  sodium  alcoholate  it  is  possible 
to  draw  the  conclusion  that  a-phosphorylated  fl  -chloroviny  Ike  tones  differ  in  considerable  measure  from  ordinary 
chlorovinyl  ketones.  Their  double  C  =  C  bond  is  fairly  active  because  of  linking  with  the  C  =0  and  P  =  0  bonds 
which  makes  it  sensitive  to  water  and  alcohol,  while  a  chlorine  atom  is  comparatively  immobile. 

EXPERIMENTAL 

The  enol  esters  were  prepared  according  to  [4,  5]. 

The  chloride  of  a-propionyl-  0,8 -dichloroethylphosphinic  acid.  20  g  of  the  vinyl  ester  of  propionic  acid  was 
added  drop  by  drop,  at  room  temperatvure  and  with  stirring,  to  a  suspension  of  83,5  g  of  phosphorus  pentachloride  in 
150  ml  of  carbon  tetrachloride.  Stirring  was  continued  for  two  hours  at  30-40“.  Then  the  reaction  mixture  was  cooled 
by  water  and  sulfur  dioxide  passed  through.  The  solvent,  thionyl  chloride  and  phosphorus  oxychloride  were  distilled 
off  under  the  vacuum  of  a  water  pump,  and  the  residue  distilled  in  vacuo.  A  fraction  boiling  at  126-130*  (3.5  mm) 
was  collected.  The  yield  of  the  chloride  of  a-propionyl-  0,0 -dichloroethylphosphinic  acid  was  50  g  (92?^), 

On  repeated  distillation  the  chloride  boiled  at  120-121“  (2.5  mm),  n^  1.5090,  d4®  1.4791,  MRp  54.89;  calc. 

53.09. 

Founder  C  22.45,  22.41;  11  2.53,  2.57;  P  11.81,  11.41.  CsIlvO^PC^  Calculated ‘y®;  C  22.08;  H  2.60;  P  11.38. 

The  chloride  of  a-butyryl-  0,0 -dichloroethylphosphinic  acid.  Under  conditions  analogous  to  those  described 
above,  50.7  g  (897o)  of  the  chloride  of  a-butyryl-0,0 -dichloroethylphosphinic  acid  was  obtained  from  83.5  g  of 
phosphorus  pentachloride  and  22.8  g  of  the  vinyl  ester  of  butyric  acid. 

B.p.  126-128“  (2.5  mm),  nJJ  1.5045,  d4®  1.4267,  MRp  59.41;  calc.  57.71. 

Found  *70:  C  25.34,  25.Q2;  H  3.15,  3.05;  P  11.03,  10.73.  C6U9O2PCI4.  Calculated  "/o:  C  25.20;  H  3.16;  P  10.83. 

The  chloride  of  a-benzoyl-  0,0 -dichloroethylphosphinic  acid.  19.2  g  of  the  vinyl  ester  of  benzoic  acid  was 
added  drop  by  drop  at  0-5“,  with  stirring,  to  a  suspension  of  54.2  g  of  phosphorus  pentachloride  in  100  ml  of  carbon 
tetrachloride.  Then  the  reaction  mixture  was  heated  for  one  hour  at  45-50“.  After  cooling,  sulfur  dioxide  was  passed 
through.  Then  the  solvent,  thionyl  chloride  and  phosphorus  oxychloride  were  distilled  off.  The  residue  was  kept  on 
a  boiling  water  bath  for  30  minutes  at  10-15  mm  and  then  distilled  in  vacuo;  a  fraction  boiling  at  167-170*  (2  mm) 
was  collected.  The  yield  of  the  chloride  of  a-benzoyl-  0,0  -dichloroethylphosphinic  acid  was  14.8  g  (35^70). 

B.p.  159-160“  (1  mm),  n^  1.5560,  d*/  1.5016,  MRp  69.41;  calc.  67.96. 

Found  *70:  C  33.41,  33.52;  H  2.22,  2.12;  P  9.44,  9.60.  C9Ht02PC14.  Calculated  ‘7o:  C  33.78;  H  2.20;  P  9.68. 

The  chloride  of  a-propionyl-  0-chloropropenylphosphinic  acid.  12  g  of  the  isopropenyl  ester  of  propionic  acid 
was  added  during  the  course  of  30  minutes,  with  stirring,  to  a  suspension  of  33.3  g  of  phosphorus  pentachloride  in 
50  ml  of  carbon  tetrachlOTide  heated  on  a  water  bath  to  55-65*.  The  heating  was  continued  for  two  hours,  the  tem¬ 
perature  of  the  bath  being  gradually  raised  to  75*.  Then  the  mixture  was  cooled  and  sulfur  dioxide  passed  through. 

The  solvent,  thionyl  chloride  and  phosphorus  oxychloride  were  distilled  off  and  the  residue  maintained  for  30  minutes 
on  a  boiling  water  bath  at  10-15  mm  after  which  it  was  distilled  in  vacuo.  The  chloride  of  a-propionyl-  0-chloropro 
penylphosphinic  acid  was  collected  in  the  128-134“  (2  mm)  range.  Yield  16.6  g  (777o).  After  repeated  distillation 
the  b.p.  was  123-124“  (1.5  mm),  nf?  1.5220,  d^®  1.3902,  MR^  54.69;  calc.  52.37. 

Found  '7):  C  28.72,  28.63;  H  3.25,  3.46;  P  12.42,  12.43.  CgUgOzPClg.  Calculated  *70 :  C  28.88;  H  3.23;  P  12.41. 

The  chloride  of  a-butyryl- 0-chloropropenylphosphinic  acid.  Under  conditions  analogous  to  those  described 
above  for  the  preparation  of  a-propenyl-  0-chloropropenylphosphinic  acid,  27.5  g  (58f7o)  of  the  chloride  of  a- 
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cohol  and  23.7  g  of  anhydrous  pyridine  was  added  drop  by  drop,  with  stirring  and  cooling  to  0-5°,  to  a  mixture  of  35.5  g 
of  the  chloride  of  a-acetyl-  0 -chloropropenylphosphinic  acid  in  100  ml  of  absolute  ether.  The  mixture  was  stirred 
for  another  hour  at  room  temperature  and  then  for  30  minutes  at  the  boiling  point  of  ether.  After  cooling,  the  precipi¬ 
tate  was  filtered  off  and  washed  with  ether.  The  ether  was  removed  and  the  residue  distilled  in  vacuo.  The  yield  of 
the  dibutyl  ester  of  a-acetyl-  0  -chloropropenylphosphinic  acid  was  33  g  {ll°]o). 

B.p.  159-160°  (3  mm),  n^J  1.4668,  d^®  1.0863,  MR^  79.36;  calc.  77.51. 

Found  *70:  C  50.63;  H  7.85;  P  10.00.  C13H24O4PCI.  Calculated  <70:  C  50.23;  H  7.78;  P  9.97. 
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The  diethyl  ester  of  0 -benzoyloxypropenylphosphinic  acid.  A  mixture  of  2.8  g  of  anhydrous  alcohol  and  5  g 
of  anhydrous  pyridine  were  added,  with  cooling  and  stirring,  to  a  solution  of  9  g  of  the  chloride  of  fl-benzoyloxy- 
propenylphosphinic  acid  in  30  ml  of  absolute  ether.  The  mixture  was  heated  for  30  minutes  at  the  boiling  point  of 
ether.  Then  it  was  cooled  and  the  salt  which  had  formed  was  separated  out,  the  solvent  distilled  off  and  the  residue 
distilled  in  vacuo.  The  ester  of  8 -benzoyloxypropenylphosphinic  acid  was  collected  at  170-175"  (2.5  mm).  Yield; 

6  g  (697o).  On  repeated  distillation  the  substance  boiled  at  164-165"  (1.5  mm),  1.5110,  d^®  1.1679,  MRj^  76.51; 
calc.  75.32. 

Found  ^0:  c  56.73;  H  6.07;  P  10.12.  Ci4Hi^5P.  Calculated  %  C  56.37;  H  6.42;  P  10.39. 

The  dibutyl  ester  of  8  -butoxypropenylphosphinic  acid.  A  solution  of  sodium  butyrate  in  100  ml  of  anhydrous 
butyl  alcohol  was  prepared  from  1.15  g  of  sodium.  To  this  was  added  15.5  g  of  the  dibutyl  este'  of  a-acetyl-  8- 
chloropropenylphosphinic  acid  dissolved  in  25  ml  of  anhydrous  butyl  alcohol.  This  was  heated  on  a  water  bath  at 
40-50"  for  one  hour.  The  reaction  mixture  was  then  centrifuged,  the  solvent  poured  off  and  the  excess  alcohol  dis¬ 
tilled  off.  The  residue  was  diluted  with  a  four  fold  quantity  of  absolute  ether,  the  new  precipitate  removed,  the  sol¬ 
vent  distilled  off  and  the  residue  distilled  in  vacuo.  The  yield  of  the  dibutyl  ester  of  8  -butoxypropenylphosphinic 
acid  was  10.2  g  (6070). 

B.p.  148-150"  (2.5  mm),  n^  1.4535,  c?4®  0.9893,  MRp  83.73;  calc.  83.51. 

Found  *70:  C  58.45,  58.55;  H  10.71,  10.52;  P  10.08,  9.89.  C14HJ9O5P.  Calculated  *70;  C  58.79;  H  10.28;  P  10.10. 

Hydrolysis  of  the  dibutyl  ester  of  8 -butoxypropenylphosphinic  acid.  7.2  g  of  the  dibutyl  ester  of  8  -butoxy¬ 
propenylphosphinic  acid  was  mixed  with  10  ml  of  dioxane  and  0.5  ml  of  water  and  one  drop  of  concentrated  hydro¬ 
chloric  acid  was  added.  The  mixture  was  allowed  to  stand  for  three  days.  After  distillation,  3.1  g  (507o)  of  the 
dibutyl  ether  of  phosphone  acetone  was  obtained. 

B.p.  126-127"  (1  mm),  n^  1.4400,  d^®  1.0278,  MRp  64.18;  calc.  64.88.  The  literature  [6]  gives:  b.p.  137-138" 
(3  mm),  1^5  1.4315,  d^4®  1.0152. 


SUMMARY 

The  reaction  of  phosphorus  pentachloride  with  vinyl  and  isopropenyl  esters  of  carboxylic  acids  was  studied,  and 
also  some  reactions  of  the  phosphorylated  chlorovinylketones  which  were  formed  at  the  same  time. 
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As  has  already  been  reported,  the  reaction  of  phosphorus  pentachloride  with  enol  acetates  occurs  in  two  stages, 
and  under  certain  conditions  it  is  possible  to  stop  it  at  the  stage  where  phosphorus  pentachloride  combines  with  the 
unsaturated  ester  [1], 

The  present  paper  presents  tfie  results  of  further  study  of  this  stage  of  the  reaction  with  the  vinyl  and  isopropenyl 
esters  of  carboxylic  acids  (propionic,  n -butyric,  and  benzoic).  The  reaction  was  carried  out  in  accordance  with  the 
method  described  previously  [1],  namely:  the  unsaturated  compound  is  added,  with  stirring  and  cooling,  to  a  solu¬ 
tion  of  phosphorus  pentachloride  in  carbon  tetrachloride.  Stirring  was  continued  for  several  more  hours  until  the  re¬ 
action  was  complete.  The  reaction  products,  which  are  double  compounds  with  a  second  molecule  of  phosphorus 
pentachloride,  precipitate  from  the  reaction  mixture  as  a  white,  fine  crystalline  material.  In  general  the  reaction 
may  be  shown  as  follows: 

_ it.rU. _  Cl 

6-RTlourS|  | 

J' .  i}!'.  J - *  n-c-c'Ui’ci,  •  PCI.-, 

(Icoir  -•-’O-L'r.  ;  2  .1  hours  OCOIV 

H--H,  cn,; 

R'  =  o,n  .  CiH  and  cji,. 

In  view  of  their  easy  hydrolyzability  and  thermal  instability,  these  compounds  were  not  separated  individually, 
but  were  immediately  treated  with  sulfur  dioxide  in  the  reaction  mixture  (at  the  reaction  temperature)  for  immediate 
conversion  to  the  corresponding  chlorides  of  6-acyloxy-0-chloroalkylphosphinic  acids. 

Cl  Cl 

I  2S(>,  I 

n_c-cH.^rci4  •  PCI.-, - ! — *  n-c-cu..poci2  4-2S()ci,  +  poci;, 

dcon'  temp,  (icon' 

Purification  of  the  liquid  chlorides  of  the  phosphinic  acids  was  carried  out  by  distillation  in  vacuo;  the  crystal¬ 
line  chlorides  were  crystallized  from  isopentane  or  from  a  mixture  of  absolute  ether  and  isopentane.  It  should  be 
noted  that  maintenance  of  the  indicated  reaction  temperature  is  essential.  At  lower  temperatures  the  reaction  slows 
down  and  the  yield  of  phosphinic  acid  chlorides  decreases,  while  at  higher  temperature  an  inseparable  mixture  of 
compounds  is  obtained  as  a  result  of  the  partial  rearrangement  of  the  reaction  products  [1,  2].  Carrying  out  die  re¬ 
action  with  a  suspension  of  phosphorus  pentachloride  in  carbon  tetrachloride  reduces  the  yield  by  10-15°/o.  The 
constants,  analytical  data  and  yields  of  the  chlorides  of  S -acyloxy-6 -chloroethyl-  and  propylphosphinic  acids  are 
diown  in  the  table. 

The  chlorides  of  fl-acyloxy-0-chloroethylphosphinic  acids  were  converted  into  the  corresponding  dimethyl 
and  diethyl  esters  by  the  action  of  the  calculated  quantity  of  anhydrous  methyl  or  ethyl  alcohol  and  anhydrous  pyridine. 
These  esters  are  colorless,  low-melting  substances  which  are  soluble  in  the  majority  of  organic  solvents. 

Purification  of  diese  esters  was  accomplished  by  crystallization  frcrni  a  mixture  of  absolute  ether  and  isopentane. 
It  diould  be  especially  emphasized  that  in  jxreparing  the  esters  mentioned  above  no  excess  of  alcohol  or  pyridine  must 


n-c=cn., 
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Found  (%)  1 

Calculated  (%) 

Substance 

Yield. 

% 

M.  p. 

D 

H 

D 

n 

H 

P 

C2H5COO-CH-CH2POCI2  • 

1 

Cl 

87.5 

— 

23.46 

3.28 

11.82 

23.69 

3.18 

12.21 

C3H7COOCH-CH0POCI.. 

1 

Cl 

85 

22-230 

26.98 

3.81 

11.24 

26.94 

3.77 

11.5 

C0II5COOCII-CH2POCI2 

1 

Cl 

85.5 

50-51 

35.99 

2.74 

10.01 

35.85 

2.67 

IU.27 

C3H7COOc(CHi)CHoPoci2 

1 

77.5 

20-21 

30.08 

4.77 

11.27 

29.86 

4.30 

11.00 

Cl 

C«ll5COOC(Cll.,)Cll2POCl2 

1 

69 

47-48 

38.23 

3.33 

9.90 

38.06 

3.20 

9.86 

Cl 

Cll3COOCll-CH2-PO(OCM3).2 

1 

Cl 

95 

29-30 

31.03 

5.41 

12.98 

31.25 

5.25 

13.43 

C2HsCoocii-cn2-PO(Ocii3)2 

1 

Cl 

70.6 

13-14 

34.97 

6.21 

12.53 

34.37 

5.77 

12.66 

C2n5C00CH-cii2P0(0C2H5)2 

1 

Cl 

60.5 

25-26 

39.68 

6.69 

11.43 

39.64 

6.65 

11.36 

C3ii7COOcii-(:ii2-PO(Ocii.,)2 

1 

Cl 

;  40.3 

7-8 

37.08 

6.24 

11.78 

37.15 

6.24 

11.98 

C3ll7COO-CH-Cn2PO(OC2H5)2 

1 

Cl 

50.5 

21-22 

41.69 

7.26 

11.18 

41.89 

7.03 

10.80 

•  B.p.  106-107“  (1.5  mm),  iin®  1.4870,  1.4524,  MRj)  50.19;  calc.  49.87. 

•  •  B.p.  122-123“  (2  mm),  ng  1.4826,  1.3853,  MRj)  54.96;  calc.  54.48. 


be  used  since  the  latter  react  with  them,  especially  on  heating.  In  this  case  one  gets  liquid  products  which  hinder 
crystallization  of  the  esters  of  the  phosphinic  acids  and  decrease  their  yield.  The  constants  and  analytical  results  for 
the  esters  of  B-acyloxy-B-chlaoethylphosphinic  acids  are  given  in  the  table. 

EXPERIMENTAL 

The  chloride  6 -propionylhydroxy-8-chloroethylphosphinic  acid.  10  g  of  the  vinyl  ester  of  propionic  acid  was 
added  drop  by  drop  at  +7-9“  to  a  stirred  mixture  of  41.6  g  of  phosphorus  pentachloride  in  250  ml  of  dry  carbon  tetra¬ 
chloride.  Stirring  was  continued  for  six  hours  at  die  same  temperature,  after  which  sulfur  dioxide  was  passed  into  the 
reaction  mixture  (without  interrupting  the  stirring  and  cooling).  The  solvent,  thionyl  chloride  and  phosphorus  oxy¬ 
chloride  were  distilled  off  and  the  residue  distilled  in  vacuo.  The  yield  of  the  chloride  of  B  -propionylhydroxy-6- 
chloroethylphosphinic  acid  was  22.2  g  (87.5%).  The  chloride  of  6-butyroxy-8-chloroethylphosphinic  acid  was  pre¬ 
pared  in  similar  manner.  The  chloride  of  0-benzoyloxy-6-chlaroethylphosphinic  acid,  prepared  in  the  same  way, 
crystallized  from  a  mixture  of  absolute  ether  and  isopentane  after  the  solvent,  thionyl  chloride  and  phosphtxus  oxy¬ 
chloride  had  been  distilled  off. 

The  chloride  of  0  -butyroxy-0  -chloropropenylphosphinic  acid.  11.6  g  of  the  isopropenyl  ester  of  n-butyric 
acid  were  added  drop  by  drop,with  stirring  and  cooling  to  -20-25“,  to  a  solution  of  38.4  g  of  phosphorus  pentachloride 
in  300  ml  of  dry  carbon  tetrachloride.  Stirring  was  continued  at  the  same  temperature  for  three  hours  and  then  sulfur 
dioxide  was  passed  into  the  mixture  while  the  temperature  was  maintained  within  the  same  limits  and  stirring  con¬ 
tinued.  The  solvent,  thionyl  chloride  and  phosphorus  oxychlcxide  were  removed  under  the  vacuum  of  a  water  pump 
at  a  bath  temperature  not  exceeding  35“.  The  residue  was  crystallized  from  a  small  quantity  of  isopentane.  The 
yield  was  19.8  g  (ll.Slo).  The  crystalline  chloride  of  0 -butyroxy-0 -chloropropenylphosphinic  acid  has  a  m.p.  of 
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18-20*;  after  recrystallization  from  isopentane  the  m.p.  is  20-21*.  The  chloride  of  6  -benzoyloxy-0-chla:opropyl- 
phosphinic  acid  is  obtained  in  similar  manner;  it  crystallizes  from  a  mixture  of  isopentane  and  ether. 

The  dimethyl  ester  of  B  -acetoxy-6-chloroethylphosphinic  acid.  A  mixture  of  6.4  g  of  anhydrous  methanol  and 

15.8  g  of  pyridine  in  25  ml  of  absolute  ether  was  added  drop  by  drop,  with  stirring  and  cooling  with  ice,  to  a  solu¬ 
tion  of  24  g  of  tlie  chloride  of  0-acetoxy-0-chloroethylphosphinic  acid  in  100  ml  of  absolute  ether.  The  reaction 
mixture  was  stirred  for  two  hours  at  room  temperature  and  for  another  hour  at  35*.  The  warm  solution  was  filtered, 
the  salt  washed  twice  with  warm  ether,  and  the  filtrate  cooled  at  0*  for  four  to  five  hours.  The  pyridine  salt  that 
precipitated  was  filtered  off,  the  filtrate  concentrated  to  half  its  volume,  and  then  25  ml  of  isopentane  was  added 
and  the  solution  cooled  to -20*.  The  colorless  crystals  that  precipitated  were  separated  out  and  washed  with  a  cold 
mixture  of  ether  and  isopentane.  The  yield  of  the  dimethyl  ester  of  0-acetoxy-0-chloroethylphosphinic  acid  was 

22.9  g  (95^).  M.p.  26-28*.  After  recrystallization  from  a  mixture  of  ether  and  isopentane  it  was  29-30*.  The  di- 
mcdiyl  and  diethyl  ester  of  0 -propionyloxy-  and  0 -butyroxy-0 -chloroethylphosphinic  acids  were  obtained  by  the  same 
method. 


SUMMARY 

The  chlorides-and  from  them  the  esters-of  0 -acyloxy-0-chloroalkylphosphinic  acids  were  obtained  by  the 
reaction  of  phosphorus  pentachloride  with  the  enol  esters. 
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The  conductimetric  investigation  of  solutions  of  hydrogen  chloride  in  acetonitrile  has  been  described  in  die 
literature  [1],  The  electrical  conductivity  of  benzonitrile  containing  small  amounts  of  hydrogen  chloride  has  been 
determined  [2].  The  electrical  conductivity  of  HCl  in  other  nitriles  has  not  been  studied  up  to  now.  At  the  same 
time,  the  conductimetric  method  may  be  valuable  in  determining  the  nature  of  the  reaction  of  nitriles  with  hydrogen 
halides. 

Various  products  from  the  reaction  of  nitriles  with  hydrogen  chloride  are  known.  It  was  long  considered  that 
nitriles  react  with  hydrogen  chloride  in  a  molar  ratio  of  1  :  1  to  form  extremely  stable  compounds,  namely,  imino 
chlorides  [3]  or  nitrilium  salts  [4].  However,  it  was  shown  recently  in  [5]  that  the  products  which  were  considered 
as  nitrilium  salts  are  actually  mixtures  of  free  nitriles  and  nitrile  dihydrochlorides.  It  is  true  frtat  imino  chlorides 
probably  exist  in  individual  cases  [6].  Nitrile  dihydrochlorides  may  correspond  to  the  formula  of  amido  chlorides  (A) 
OT  chlorides  of  imonium  chlorides  (B)  [5]. 

Cl 

I 

n-c—Niij 

I 

Cl 

(A)  (B)  (C) 

The  structure  of  hydrochlorides  of  nitrilium  salts  (C)  has  also  been  assigned  to  these  compounds  [1,  4].  The 
existence  of  such  salts  with  the  anion  HCl2“  should  be  regarded  as  improbable.  Products  from  the  reaction  of  some 
nitriles  with  hydrogen  chloride  an  a  ratio  of  2  : 1  have  been  isolated  as  crystalline  compounds.  The  structural  for¬ 
mulas  of  substituted  imino  chlorides  (D)  and  substituted  nitrilium  salts  (E)  have  been  proposed  for  them  [7]. 


RC<f 

\C1 


Cl"  |RC=NH)+nCl2- 


/NH 

nc=N— c<f 
I 

Cl 

(D) 


nc=N-c 


\ 


Nil 

R 


Cl- 


(E) 


It  was  shown  comparatively  recently  that  at  low  temperatures,  some  nitriles  react  with  hydrogen  chloride  to 
form  the  molecular  compounds  RCN  •  nHCl  (F),  where  n  =  1,  3,  5,  and  7  [8].  These  compounds  are  "outer"  com¬ 
plexes;  the  covalent  bond  between  the  hydrogen  and  the  chlorine  is  retained  in  them. 

Thus,  among  the  reaction  products  of  nitriles  and  hydrogen  chloride  there  are  saltUke  compounds,  whose  so¬ 
lutions  in  nitriles  may  behave  like  typical  electrolytes,  and  also  compounds  whose  electrical  conductivity  obeys 
other  rules. 

We  studied  the  electrical  conductivity  at  25°  of  solutions  of  hydrogen  chloride  in  benzonitrile,  3  -chlcxo- 
propionitrile,  a,  8  -dichloropropionitrile,  6  -ethoxypropionitrile,  and  adiponitrile  (Figs.  1  and  2),  For  comparison. 
Fig.  1  also  gives  data  from  conductimetric  investigations  of  the  system  acetonitrile— hydrogen  chloride  obtained  by 
Janz  and  Danyluk  [1],  As  the  figures  show,  the  equivalent  electrical  conductivity  could  both  fall  and  increase  with 
an  increase  in  the  HCl  concentration.  In  some  cases,  the  electrical  conductivity  curves  passed  through  minima. 

In  carder  to  determine  the  nature  of  the  reaction  of  nitriles  with  HCl,  we  determined  how  far  die  relations  ob¬ 
tained  were  described  by  known  formulas.  It  was  found  that  of  all  the  systems  studied,  only  solutions  of  HCl  in 
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adiponitrile  and  chloropropionitrile  gave  interesecting  straight  lines  on  a  diagram  of  X  against  i.e.,  the  elec¬ 
trical  conductivity  of  these  dilute  solutions  obeyed  Kohkausch's  formula  for  low  concentrations  of  strong  electrolytes. 
In  die  coordinates  ,  which  are  used  to  describe  systems  with  chemical  interaction  [1],  straight  lines  were 

obtained  for  the  equivalent  electrical  conductivity  of  acetonitrile,  adiponitrile,  benzonitrile,  and  chloropropionitrile 
with  two  intersecting  lines  for  each  of  the  last  two  nitriles. 

The  data  we  obtained  indicate  that  there  is  an  abnormal 
relation  between  the  electrical  conducitivity  and  the  HCl  con¬ 
centration  in  nitriles.  Analogous  phenomena  were  observed 
previously  for  systems  with  organic  compounds  of  other  classes 
[9].  At  the  present  time  it  is  considered  that  these  phenomena 
do  not  lie  within  the  framework  of  one  of  the  existing  general 
theories,  but  are  explained  differently  in  different  systems  on 
the  basis  of  the  physical  and  chemical  properties  of  the  solvents 
and  solutes.  As  nitriles  react  readily  with  hydrogen  chloride,  the 
nature  of  the  electrical  conductivity  curves  in  the  present  case 
depend  primarily  on  the  properties  of  the  reaction  products. 

The  intersecting  straight  lines  on  the  diagram  of  X  against  t/c 
for  solutions  of  HCl  in  adiponitrile  may  be  explained  by  the  fact 
that  depending  on  the  reaction  conditions,  and  in  particular, 
the  concentration,  the  same  nitrile  may  form  not  one,  but 
several  different  saltlike  compounds  with  HCl.  The  presence 
of  intersecting  lines  on  other  diagrams  may  be  explained  by  the 
predominance  over  different  concentration  ranges  of  different 
reaction  products  of  nitriles  and  hydrogen  chloride  that  either 
dissociate  or  do  not  dissociate  to  ions.  It  must  be  assumed  that 
in  the  general  case,  the  nature  of  the  reaction  products  of  nitriles 
and  HCl  varies  continuously  both  qualitatively  and  quantitatively. 
Systems  where  there  is  an  increase  in  the  equivalent  electrical 
conductivity  with  an  increase  in  the  HCl  concentration  are  of 
particular  interest.  Undissociated  compounds  such  as  com¬ 
plexes  of  type  (F)  apparently  predominate  in  solution  in  these 
systems  at  low  HCl  concentrations  [2];  as  a  result  of  the  distur¬ 
bance  of  the  equilibrium  with  an  increase  in  concentration, 
these  complexes  are  converted  into  other  compounds  with  an 
increase  in  the  proportion  of  products  [for  example  (B)  and  (E)] 
which  dissociate  into  ions  in  nitriles  and  the  nature  of  the  con- 
ductimetric  curves  is  determined  to  a  greater  extent  by  the  in¬ 
crease  in  the  concentration  of  these  salts  than  by  the  decrease  in 
their  degree  of  electrolytic  dissociation. 

In  conclusion  it  should  be  noted  that  the  electrical  conducitivity  of  solutions  of  HCl  in  all  the  nitriles  we 
studied  increased  and  reached  maximum  values  in  time.  This  phenomenon  is  in  agreement  with  a  previous  obser¬ 
vation  that  the  formation  of  compounds  between  a  nitrile  and  HCl  sometimes  proceeds  comparatively  slowly  [10], 

For  this  reason.  Figs.  1  and  2  give  values  of  the  electrical  conductivity  obtained  after  the  solutions  had  stood  for  24 hr. 

EXPERIMENTAL 

The  starting  nitriles  were  obtained  by  procedures  described  previously  [11].  The  nitriles  were  dried  by  repeated 
distillation  over  P2O5  until  the  water  content  was  less  than  0.01*70,  as  determined  by  a  Fischer  titration.  The  constants 
of  the  nitriles  obtained  corresponded  to  literature  data. 

The  electrical  conducitivity  was  determined  by  means  of  the  usual  bridge  circuit.  A  sonic  generator  of  the 
type  BPG-3M  served  as  a  source  of  alternating  current.  An  oscillographic  null  indicatcx  of  the  type  INO-3M  was 
used.  A  drum  with  a  wire  3  m  in  length  was  used  as  a  rheochord.  All  the  measurements  were  made  at  25  ±  0,1“ 
with  an  accuracy  of  not  less  than  0.57o,  Two  cells  with  the  constants  0,36  and  0.49  were  used.  The  vessel  had 
vertical,  parallel,  lightly  platinized  electrodes.  The  solutions  for  the  investigation  were  prepared  directly  in  the 


Fig.  1.  Isotherms  of  the  equivalent  electrical 
conductivity  of  solutions  of  I  ICl  in  acetonitrile 
(1),  adiponitrile  (2),  and  benzonitrile  (3). 
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Fig.  2.  Isotherms  of  the  equivalent  electrical 
conductivity  of  solutions  of  HCl  in  6 -chloro¬ 
propionitrile  (1),  6  -ethoxypropionitrile  (2), 
and  a,  B  -dichloropropionitrile  (3), 
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vessels  for  measurement  of  the  electrical  conductivity  by  passing  in  anhydrous  hydrogen  chloride.  The  HCl  content 
of  the  nitrile  was  determined  by  Volhard  titrations  before  and  after  measurement  of  the  electrical  conductivity  and 
the  results  obtained  in  the  two  cases  coincided. 

SUMMARY 

The  electrical  conductivity  of  solutions  of  hydrogen  chloride  in  adiponitrile,  benzonitrile,  0  -chlcaroproplonitrile, 

а,  0  -dichloropropionitrile,  and  0  -ethoxypropionitrile  was  studied.  The  data  from  the  conductimetric  measurements 

show  that  equilibrium  systems  are  formed  by  nitriles  with  hydrogen  chloride  and  these  contain  different  unstable  re¬ 
action  products,  which  do  and  do  not  undergo  electrolytic  dissociation.  ^ 
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Treatment  of  an  ether  solution  of  adiponitrile  and  hydrogen  chloride  with  water  [1]  or  a  primary  alcohol  [2] 
at  0*  and  a  molar  ratio  of  the  components  of  1  :  2  :  1  gives  a  quantitative  yield  of  6  -cyanovaleramide  hydrochloride 
or  the  methyl  imino  ester  of  5  -cyanovaleric  acid.  In  other  work  [3]  it  was  shown  that  there  is  no  selective  reactivity 
of  one  nitrile  group  with  dinitriles  with  longer  and  shorter  carbon  chains  than  adiponitrile.  On  this  basis  it  was  proposed 
that  the  different  reactivities  of  the  two  nitrile  groups  are  connected  with  the  formation  of  an  unstable  intramolecular 
ring  in  adiponitrile  itself  or  in  the  product  obtained  by  hydrochlorination  of  one  nitrile  group  (the  chloride  of  6  - 
cyanovalerimonium  chloride). 

In  (»der  to  obtain  new  data  on  the  nature  of  the  selective  reactivity  of  one  nitrile  group  in  adiponitrile,  in  the 
present  work  we  studied  the  reaction  of  adiponitrile  and  some  of  its  derivatives  with  hydrogen  chloride  and  a  series 
of  nucleophilic  reagents. 

The  effect  of  temperature  on  the  selective  reactivity  of  one  nitrile  group  was  studied.  It  was  found  that  selec¬ 
tive  reactivity  was  no  longer  observed  when  the  reaction  temperature  of  adiponitrile,  hydrogen  chloride,  and  water 
(or  methanol)  in  a  ratio  of  1  :  2  :  1  was  raised  to  20*.  Together  with  5  -cyanovaleramide  hydrochlOTide,  we  obtained 
adipamide  dihydrochloride  (12f7o)  and  together  with  the  hydrochloride  of  the  monoimino  ester,  we  obtained  the  di¬ 
hydrochloride  of  the  diimino  ester  of  adipic  acid  (ll'^o).  These  experiments  confirm  that  the  proposed  intramolecular 
ring,  causing  the  selective  reaction  of  one  nitrile  group  in  adiponitrile,  is  actually  very  unstable. 

In  the  hydrochlorination  of  a,a,a*,a’ -tetrachloroadiponitrile  (I),  which  contains  electronegative  chlorine  atoms 
in  the  a -position  instead  of  hydrogen  atoms,  we  obtained  both  5  -cyano-  a, a,  5, 5  -tetrachlorovaleramide  (II)  and 
a,a,a’,a'-tetrachloroadipamide  (III)  despite  the  low  temperature  of  the  synthesis  and  the  observation  of  the  otlier 
conditions  which  guarantee  selectivity  in  reactions  of  unsubstituted  adiponitrile  [1]. 

N  ( :  c  ( :  1 . ,  c  1 1 c  11 2  c:  c  I  o  c  u  N 1 1 . 
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No  reaction  could  be  induced  between  the  reaction  product  of  adiponitrile  and  hydrogen  chloride  (in  a  molec¬ 
ular  ratio  of  1  :  2)  and  equivalent  amounts  of  ethyl  mercaptan  or  n -octyl  mercaptan  with  one  nitrile  group  remain¬ 
ing  untouched.  In  all  cases  the  reaction  products  were  found  to  contain  the  dihydrochlorides  of  the  diimino  thio- 
esters  (IV),  whose  hydrolysis  gave  dithioalkyl  esters  of  adipic  acid  (V).  The  absence  of  selective  reactivity  in  the 
case  of  the  reaction  with  mercaptans  may  be  explained  by  the  high  activity  of  the  hydrogen  atom  of  the  SH  group. 
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This  hydrogen  atom  evidently  reacts  readily  with  the  nitrile  nitrogen.  As  a  result  of  this,  the  unstable  intramolecular 
compound  is  decomposed,  the  adiponitrile  molecule  "unbends"  (the  structure  approaches  a  zig-zag  form),  and  the 
reactions  of  the  two  nitrile  groups  of  adiponitrile  become  energetically  equivalent.  It  should  be  noted  that  in  the 
reaction  of  adiponitrile  with  hydrogen  chloride  and  another  acid  reagent,  namely,  acetic  acid  [4],  there  is  no  selec¬ 
tive  reactivity  of  one  nitrile  group. 

It  seemed  interesting  to  investigate  the  effect  of  various  solvents  on  the  selective  reactivity.  It  was  found  that 
in  the  reaction  of  adiponitrile,  HCl,  and  water  (1:2:1)  under  standard  conditions,  selectivity  (the  formation  of  not 
more  tlian  41°  of  the  diamide)  was  observed  in  isopropyl,  ethyl,  and  butyl  ethers.  It  was  absent  in  solvents  [5]  whidi 
ate  more  basic  (tetrahydrofuran,  tetrahydropyran,  and  dioxane)  or  more  acidic  (dibenzyl  ether,  6,d-dichloroethyl 
ether,  carbon  tetrachloride,  toluene,  benzene,  dichloroethane,  and  chloroform)  than  ether  and  compounds  similar 
to  it  given  above.  An  analogous  picture  was  observed  on  investigating  the  reaction  of  adiponitrile,  hydrogen  chloride, 
and  methanol  with  the  only  difference  that  in  this  case,  dibutyl  ether  was  one  of  the  solvents  which  did  not  promote 
the  selective  reactivity  of  one  nitrile  group  of  adiponitrile.  Thus,  previous  reports  [2]  that  dioxane,  carbon  tetra¬ 
chloride,  and  benzene  have  the  same  effect  as  ether  in  the  reaction  studied  are  inaccurate. 

In  accordance  with  our  hypotheses  on  the  reasons  for  the  different  reactivities  of  the  two  nitrile  groups  in  adipo¬ 
nitrile,  the  reaction  of  the  free  electron  paris  of  oxygen  atoms  of  strongly  basic  solvents  with  the  labile  a -hydrogen 
atoms  of  adiponitrile  and  its  derivatives  competes  successfully  with  the  cyclization  described  above  so  that  the  re¬ 
acting  molecules  change  into  conformation  in  which  there  is  no  appreciable  difference  between  the  steric  positions 
of  the  two  functional  groups.  It  must  be  assumed  that  in  solvents  with  acid  properties  (for  example,  chloroform), 
ring  opening  is  produced  in  tlie  first  instance  by  the  reaction  of  the  nitrile  nitrogen  with  the  labile  hydrogen  atom 
of  the  solvent  molecule,  which  causes  the  reactions  of  the  two  nitrile  groups  to  obey  statistical  laws.  The  explana¬ 
tion  of  the  presence  of  selective  reactivity  in  some  acyclic  ethers  and  its  absence  in  more  or  less  neutral  solvents 
(for  example,  carbon  tetrachloride)  is  more  complex.  We  consider  that  the  reaction  of  the  nitrile  with  HCl  is  an 
equilibrium  reaction  and  the  saltlike  compound  is  not  formed  in  quantitative  yield. 


NC(CII,.)4CN  +  2HC1 
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Therefore,  in  a  solvent  which  hardly  reacts  with  an  acid,  the  free  hydrogen  chloride,  like  other  acid  reagents, 
reacts  with  the  less  reactive  nitrile  group  of  the  chloride  of  5  -cyanovalerimonium  chlcride.  In  a  compound  such  as 
ether,  the  free  hydrogen  chloride  readily  combines  with  a  molecule  of  the  solvent  to  form  a  molecular  compound  of 
the  type  RjO  .  .  .  HCl  [5].  This  prevents  the  reaction  of  HCl  with  the  second  C  =  N  group  and  "unbending*'  of  the 
molecule  of  the  chloride  of  the  5  -cyanovalerimonium  chloride. 

The  selective  reactivity  of  one  nitrile  group  was  retained  when  a  methyl  radical  was  introduced  into  the  6- 
position  of  the  adiponitrile  molecule.  Treatment  of  0  -methyladiponitrile  with  hydrogen  chloride  and  water  (1:2: 

:  1)  and  subsequent  hydrolysis  gave  a  high  yield  of  5  -cyano-y  -methylvaleramide  (VI)  or,  more  likely,  a  mixture  of 
it  with  5  -cyano-  0  -methylvaleramide  and  none  of  the  diamide  of  0  -methyladipic  acid  was  obtained. 


NGCIl2Gn(GII;,)CIHGIIiGN 


N  CGMoG  1 1(  G I  I.,)G  11  .G I I2GON 1 12 

2HC1^  /  '  (VI) 

^  NGCII.GHaGIHGiyGIIaGONHa 


This  behavior  of  derivatives  of  0  -methyladipic  acid  is  probably  caused  by  the  fact  that  the  introduction  of  the 
substituent  limits  the  internal  rotation  of  the  molecule.  As  a  result  of  this,  "folded"  conformations  are  formed  even 
more  readily  and  these  bring  the  reacting  groups  together  and  facilitate  the  formation  of  the  unstable  intramolecular 
ring  [6]. 

We  then  studied  the  effect  of  a  double  bond  in  the  adiponitrile  molecule  on  the  selective  reactivity  of  one 
nitrile  group.  Since  l,4-dicyanobutene-2  (VII)  is  practically  insoluble  in  solvents  in  which  one  nitrile  group  is  hy- 
drochlorinated  selectively,  its  reactivity  was  studied  in  amidoxime  formation.  In  previous  work  [7]  it  was  shown  that 
only  one  nitrile  group  of  adiponitrile  reacts  with  hydroxylamine  in  amidoxime  formation  at  50",  In  the  present  work, 
only  the  nitrile -amidoxime  of  dihydromuconic  acid  (VIII)  was  obtained  from  l,4-dicyanobutene-2  (VII)  under  analog¬ 
ous  conditions.  The  introduction  of  a  double  bond  evidently  does  not  change  the  specific  structure  of  derivatives  of 
aliphatic  dinitriles  with  six  carbon  atoms  in  the  chain. 
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The  data  we  obtained  agree  with  the  hypotheses  that  the  unstable  intramolecular  ring  causing  the  selective  re¬ 
activity  is  formed  as  a  result  of  the  reaction  of  the  nitrile  nitrogen  with  an  extremely  labile  hydrogen  atom  at  the 
opposite  end  of  the  molecule.  At  the  same  time,  the  experiments  described  in  the  present  work  do  not  exclude  the 
possibility  that  the  selective  reactivity  is  produced  by  a  direct  interaction  of  the  two  dipoles  of  the  adiponitrile 
molecule  or  its  derivatives,  which,  in  its  turn,  appears  as  a  result  of  the  specific  steric  properties  of  adiponitrile. 
Experimental  confirmation  of  the  formation  of  bonds  between  pairs  of  nitrile  dipoles  of  different  molecules  [8]  was 
given  in  recent  work  [9]. 

It  should  be  noted  that  in  die  investigation  of  the  selective  reactivity  of  adiponitrile  with  hydrogen  chloride 
and  methanol,  we  did  not  hydrolyze  the  hydrochlorides  of  the  imino  esters  obtained  as  this  formed  liquid  esters  that 
were  difficult  to  separate.  The  salts  of  the  imino  esters  were  therefore  pyrolyzed  (cleaved  by  Pinner’s  method  [10]) 
in  anhydrous  benzene  by  a  procedure  developed  and  this  gave  solid  5  -cyanovaleramide  and  adipamide,  which  were 
separated  on  the  basis  of  their  different  solubilities. 
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The  6  -cyano-  a,a,  5 ,5  -tetrachlorovaleramide  01).  5  -cyano- y  (7  )-methylvaleramide  (VI),  dithiooctyl  ester 
of  adipic  acid  (V),  dihydrochloride  of  the  di-n -octyl  thioimino  ester  of  adipic  acid  (VI),  and  nitrile-amidoxime  of 
dihydromuconic  acid  (VIII)  described  in  the  present  work  were  prepared  for  the  first  time. 

EXPERIMENTAL 

a,a ,a*,a'  -Tetrachloroadiponitrile  (1)  was  obtained  by  chlorination  of  adiponitrile  by  Treibs  method  [11]  with 
the  difference  tliat  we  used  dicyclohcxyl  peroxydicarbonate  as  the  catalyst.*  Substance  (I)  melted  at  62-64“  (from 
aqueous  methanol). 

B  -  Methyladiponitrile  was  obtained  from  8 -methyladipic  acid  and  ammonia  [7]:  it  had  df  0.9636, 

1.4427. 

l,4-Dicyanobutene-2  was  purified  by  recrystallization  from  isopropanol  and  had  m.p.  78*. 

Reaction  of  adiponitrile  with  hydrogen  chloride  and  water.  The  reaction  between  the  nitrile,  MCI,  and  water 
(in  a  molecular  ratio  of  1  :  2  :  1)  in  ether  was  carried  out  as  in  the  previous  work  [1]  with  the  difference  that  the 
mixture  was  kept  at  20*  for  20  hr  after  the  addition  of  the  water. 

The  conditions  found  previously  [1]  were  used  to  study  the  reaction  in  solvents.  In  these  experiments  we  used 
0.2  mole  of  solvent  and  0.05  mole  of  adiponitrile. 

Reaction  of  adiponitrile  with  hydrogen  chloride  and  methanol.  The  reaction  was  carried  out  as  above  with 
the  difference  that  an  equivalent  amount  of  methanol  was  used  instead  of  water.  The  precipitated  mixture  of  hydro¬ 
chlorides  was  pyrolyzed  for  determining  the  yield  of  5  -cyanovaleramide  and  adipamide.  In  the  experiment  to  study 
the  effect  of  temperature  on  the  selectivity,  0.76  g  of  the  precipitate  and  40  ml  of  anhydrous  benzene  were  heated 
on  a  water  bath  for  5-6  hr.  The  product  obtained  was  treated  with  ethyl  acetate  in  a  continuous  extractor  for  3-4  hr. 
Evaporation  of  the  ethyl  acetate  solution  yielded  0,48  g  of  5  -cyanovaleramide  with  m.p.  66*.  The  ethyl  acetate - 
insoluble  residue  (0.07  g)  was  adipamide  with  m.p.  225*. 

Preparation  of  6  -cyano-  a,cit,  5 ,5  -tetrachlorovaleramide  (II)  and  «,a,a’,a-tetrachloroadipamide  (III),  a) 

Into  5  g  of  the  dinitrile  (I)  in  30  ml  of  ether  was  passed  1.46  g  of  hydrogen  chloride  with  stirring  and  cooling  to  0*. 
After  tile  reaction  mixture  had  been  kept  in  the  cold  for  4  hr,  0.36  g  of  distilled  water  was  added  and  the  mixture 
left  in  a  refrigerator  for  a  day.  The  precipitate  was  collected  and  the  filtrate  evaporated.  Continuous  treatment  of 


•  The  authors  would  like  to  thank  L.  M,  Terman  for  providing  the  dicyclohexyl  peroxydicarbonate  and  A.  M.  Gribova 
for  the  l,4-dicyanobutene-2. 
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both  precipitate  and  residue  (5.78  g)  with  chlcarofonn  for  5  hr  yielded  the  nitrile -amide  (II).  After  three  recry  stalliza- 
tions  from  a  mixture  of  methanol  and  water  (3  :  1),  it  weighed  3.27  g  (61*70)  and  had  m.p.  109-110“. 

Found ‘7>:  C  26.46;  H  2.28;  N  10.82.  QHgONzC^  Calculated  *70:  C  27.06;  H  2.26;  N  10.53. 

The  chloroform -insoluble  residue  (1.06  g,  18.S7o)  was  the  diamide  (III)  widi  m.p.  235*.  A  mixed  melting  point 
with  pure  authentic  diamide  was  not  depressed. 

b)  Treatment  of  a  mixture  of  0.01  mole  of  the  dinitrile  (I),  0.02  mole  of  water,  and  ether  with  excess  hydrogen 
chloride  gave  an  almost  quantitative  yield  of  the  diamide  (III)  as  leaflets  with  m.p.  241*  (from  water,  with  decomp.), 
which  corresponds  to  literature  data  [11]. 

Preparation  of  tlie  dititiooctyl  ester  of  adipic  acid  (V).  a)  A  mixture  of  2.7  g  of  adiponitrile,  7.3  g  of  n-octyl 
mercaptan,  and  5  ml  of  ether  was  saturated  with  hydrogen  chloride  with  stirring  and  cooling  to  0“  and  the  mixture 
left  to  stand  in  the  cold.  After  4  days,  filtration  yielded  11.54  g  of  the  hygroscopic  dihydrochlMide  of  the  di -n-octyl 
diioimino  ester  of  adipic  acid  (IV)  with  m.p.  133“  (with  decomp.). 

Found  *70:  N  6.07.  (^H^NzSjClz.  Calculated  *70:  N  5.92. 

An  11  g  sample  of  this  precipitate  was  dissolved  in  20  ml  of  water  and  the  temperature  of  the  solution  kept  at 
30-40“  for  3-4  hr.  The  upper  layer  liberated  solidified  on  cooling  and  was  collected  by  filtration;  the  yield  of  (V) 
was  9.4  g  (OS^o)  and  the  m.p.  was  34-36“  (from  methanol). 

Found  *70:  C  65.87;  H  10.75;  S  15.60.  C22n4202S2.  Calculated  *70 :  C  65.70;  H  10.42;  S  15.92. 

b)  From  10.8  g  of  adiponitrile,  7.3  g  of  hydrogen  chloride,  and  14.6  g  of  n-octyl  mercaptan  under  the  conditions 
under  which  one  nitrile  group  reacts  selectively  with  water  or  alcohol  [1,  2],  over  a  period  of  7  days  we  obtained  a 
precipitate,  which  was  hydrolyzed  to  give  8.3  g  of  (V),  identical  with  that  described  above.  The  monothio  ester  was 
not  isolated  from  the  reaction  mixture. 

Preparation  of  5 -cyano- y(7)-methylvaleramide  (VI).  0 -Methylaldiponitrile  (3.66  g),  hydrogen  chloride, 
and  water  in  a  ratio  of  1  :  2  :  1  were  allowed  to  react  in  ether  at  0*  in  the  usual  way.  The  amide  hydrochloride  did 
not  crystallize  after  a  week.  The  hydrolysis  was  therefore  carried  out  directly  in  the  reaction  flask;  after  neutraliza¬ 
tion,  the  solution  obtained  was  evapcxated  on  a  water  bath.  The  solid  residue  was  treated  with  acetonitrile  in  a  con¬ 
tinuous  extractor  for  4-5  lir.  From  the  acetonitrile  solution  we  isolated  3.9  g  (93f7o)  of  the  nitrile -amide  (VI).  The 

(VI)  was  separated  from  a  small  amount  of  sodium  chloride  by  solution  in  chloroform.  Repeated  washing  of  (VI)  with 
small  portions  of  ether  gave  a  product  with  m.p.  49-50“. 

Found *70:  N  19.70;  N  (amide)  9.83.  C7II12ON2.  Calculated *70 ;  N  20.00;  N  (amide)  10.00. 

No  residue  of  the  diamide  of  0  -methylaldipic  acid  was  found  after  extraction  with  acetonitrile. 

Preparation  of  the  nitrile -amidoxime  of  dihydromuconic  acid  (VIII).  The  amidoxime  was  prepared  as  in  the 
previous  work  [7].  The  reaction  of  5.3  g  of  l,4-dicyanobutene-2  (VII),  1,82  g  of  hydroxylamine,  and  68  ml  of  n- 
butyl  alcohol  at  50“  and  evaporation  of  the  reaction  mixture  yielded  4.35  g  of  a  residue.  The  unreacted  dinitrile 

(VII)  was  isolated  from  it  by  treatment  vdth  ether.  The  residue  (3.05  g,  43.5*70)  was  the  monoamidoxime  (VIII)  with 
m.p,  125“  (from  isopropanol). 

Found  *7o;  C  52.00;  H  6.42;  N  30.81.  QHgONa.  Calculated  *7®:  C  51.78;  H  6.51;  N  30.19. 

The  amidoxime  (VIII)  reduced  Fehling’s  solution.  Its  infrared  spectrum  contained  the  frequencies  4.4,  6.04, 
and  10.3  fi,  which  are  characteristic  of  nitrile,  imine,  and  -C  =  C  bonds. 

No  diamidoxime  was  found  in  the  reaction  mixture. 

SUMMARY 

1.  The  nature  of  the  selective  reactivity  of  one  nitrile  group  in  adiponitrile  was  studied. 

2.  A  rise  in  the  reaction  temperature  and  replacement  of  all  the  a -hydrogen  atoms  of  adiponitrile  by  chlorine 
atoms  eliminated  the  selective  reactivity.  The  latter  was  not  observed  either  in  the  reaction  of  adiponitrile  and  HCl 
with  strongly  acid  reagents  (mercaptans  and  acids). 

3.  The  introduction  of  a  0  -methyl  group  or  a  double  bond  into  the  adiponitrile  molecule  did  not  eliminate 
the  selective  reactivity. 
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4,  Selective  reactivity  was  observed  in  the  reaction  of  adiponitrile  and  HCl  with  water  or  methanol  in  ether 
and  solvents  of  similar  basicity.  It  was  absent  in  more  acidic  and  more  basic  solvents. 
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In  previous  work  we  described  the  synthesis  of  some  symmetrically  and  unsymmetrically  substituted  1,6 -di- 
phenylhydrazodithiodicarbamides  [1], 

Compounds  of  this  series  are  similar  in  properties  to  derivatives  of  thiocarbanilide,  phenylthiosemicarbazide, 
and  1,4-diphenylthiosemicarbazide,  which  recently  have  been  found  to  include  preparations  with  interesting  physi¬ 
ological  properties  [2,  3]. 

As  derivatives  of  tliis  series  of  compounds  have  been  studied  very  little,  it  seemed  interesting  to  synthesize  and 
study  unsymmetrical  alkoxyl  derivatives  of  1,6-diphenylhydrazodithiodicarbamide  with  the  general  formula: 

lU'CJI^NIICSNIIMICSNIlir. 

The  substituted  1,6-diphenylhydrazodithiodicarbamides  were  obtained  by  the  reaction  of  4 -phenylthiosemi¬ 
carbazide  derivatives  witli  appropriately  substituted  phenyl  isothiocyanate  in  hot  absolute  alcohol  according  to  the 
scheme : 

hNH(;SNIINII,j  i  n'NCS  — *  HNIICSNIINIICSNim'. 


Ultraviolet  absorption  curves  of  unsymmetrical  alkoxyl  derivatives 
of  1,6-diphenylhydrazodithiodicarbamide  (in  alcohol).  1)  l-(p-n- 
Propoxyphenyl)-6-(p-isoamyloxyphenyl)-hydrazodithiodicarbamide; 
2)  l-(p-n-propoxyphenyl)-6-(p-n-butoxyphenyl)-hydrazodithiodi- 
carbamide;  3)  l-(p-n-propoxyphenyl)-6-(p-tolyl)-hydrazodithio- 
dicarbamide;  4)  l-(p-n-propoxyphenyl)-6-(p-sulfamidophenyl)- 
hydrazodithiodi carbamide;  5)  l-(p-n-propoxyphenyl)-6-(m-chl<»o- 
pheny  1) -hydra  zodithiodi  carbarn  ide . 
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Unsymmetrical  Alkoxyl  Derivatives  of  1,6-DiphenyIhydrazodithiodicarbamide  of  the  General  Formula  RNHCSNHNHCSNHR’ 
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Empirical  formula 
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The  sid)stituted  phenyl  isothiocyanates  required  fa:  the  preparation  of  the  4-phenylthioseniicarbazide  derivatives 
were  synthesized  from  die  corresponding  amines  and  thiophosgene  in  chloroform  and  water  [4], 

The  4-phenyldiiosemicarbazide  derivatives  required  for  the  synthesis  of  alkoxyl  derivatives  of  1,6-diphenyl- 
hydrazodithiodicarbamide  were  obtained  from  the  corresponding  substituted  phenyl  isothiocyanates  and  hydrazine 
hydrate  in  aqueous  alcohol  [5], 

The  derivatives  of  1,6-diphenylhydrazodithiodicarbamide  synthesized,  which  ate  given  in  the  table,  were  ob¬ 
tained  in  lilgh  yields.  They  melted  with  decomposition  and  crystallized  from  alcohol  as  white  needles  ot  plates.  The 
yields  of  the  preparations  given  in  the  table  were  calculated  on  the  starting  4-phenylthiosemicarbazide  derivatives. 

The  ultraviolet  absorption  spectra  of  five  unsymmetrical  alkoxyl  derivatives  of  1,6-diphenylhydrazodithiodi- 
carbamide  are  given  in  the  figure.  The  measurements  were  made  on  an  SF-4  spectrophotometer  in  alcohol.  iTie 
concentration  of  the  solutions  of  preparations  1  and  5  were  3.3  •  10"®  mole/liter  and  that  of  preparations  2,  3,  and  4 
were  6. 6*  10'®  mole/liter. 

EXPERIMENTAL 

l-(p-n-Propoxyphenyl)-6-(o-tolyl)-hydrazodithiodicarbamide.  Into  a  round -bottomed  flask  with  a  reflux  con¬ 
denser  were  placed  4.5  g  of  4-(p-n-propoxyphenyl)-thiosemicarbazide,  3  g  of  o-tolyl  isothiocyanate,  and  25  ml  of 
absolute  alcohol.  The  mixture  was  boiled  on  a  water  bath  for  1  hr.  When  the  mixture  was  cooled,  l-(p-n-propoxy- 
phenyl)-6-(o-tolyl)-hydrazodithlodicarbamide  separated  as  a  white  crystalline  material.  The  product  was  collected, 
washed  with  alcohol,  and  recrystallized  from  alcohol.  The  yield  was  5,4  g. 

We  also  obtained  the  same  substance  from  4-(o-tolyl)-thiosemicarbazide  and  p-n-propoxyphenyl  isothiocyanate. 
It  had  m.p.  175".  It  did  not  depress  the  melting  point  of  the  product  obtained  from  o-tolyl  isothiocyanate  and  4-(p-n- 
propoxyphenyl)-thiosemicarbazide. 

All  the  unsymmetrical  alkoxyl  derivatives  of  1,6-diphenylhydrazodithiodicarbamide  given  in  the  table  were  pre¬ 
pared  analogously  to  l-(p-n-propoxyphenyl)-6-(o-tolyl)-hydrazodithiodicarbamide. 

SUMMARY 

Fifty  unsymmetrical  alkoxyl  derivatives  of  1,6-diphenylhydrazodithiodicarbamide  which  have  not  been  de¬ 
scribed  in  the  literature  were  synthesized  and  the  ultraviolet  absorption  spectra  of  some  of  them  were  measured. 
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A  chlorate  in  hydrochloric  acid  or  in  mixtures  of  it  with  other  mineral  acids  is  usually  used  fa  oxidative  chlorina¬ 
tion  of  anthraquinonesulfonic  acids  with  replacement  of  the  sulfonic  acid  group  by  chlorine  [1].  Some  anthraquinone- 
sulfonic  acids  may  be  chlorinated  in  hydrochlcxic  acid  with  gaseous  chlorine  [2],  especially  in  the  presence  of  initiators 
[3],  We  established  that  this  reaction  may  be  effected  in  hydrochloric  acid  with  other  oxidants  besides  chlorate  [4]. 

Of  the  series  of  oxidants  we  tested,  bicliromates  gave  good  results  in  the  chlorination  of  anthraquinone-a -sul¬ 
fonic  acid.  In  contrast  to  the  reaction  with  chlorate,  with  potassium  bichromate  in  hydrochloric  acid  alone,  the  re¬ 
action  studied  began  only  at  high  concentration  of  the  latter  (2.2 -2.6  N)  and  the  maximum  yield  of  a-chloroanthra- 
quinone  (after  1  lu  at  100-106°)  was  reached  at  5.5 -6.0  N  HCl  and  equaled  90-92*70  (Fig.  1).  In  accordance  with  the 
oxidation  potential  [5]  of  K2Cr207,  high  yields  of  chloroanthraquinone  might  be  obtained  at  definite  ratios  of  hydro¬ 
chloric  and  sulfuric  acids  in  the  reaction  medium  (Fig.  2).  The  use  of  0.013  mole  of  potassium  bichromate  to  0.004 
mole  of  potassium  anthraquinone-a -sulfonate  and  the  gradual  addition  of  a  solution  of  it  over  a  period  of  30  min  to 
a  reaction  mixture  containing  HCl  and  H2SO4  led  to  a  quantitative  yield  of  a -chloroanthraquinone  after  1. 5-2.0  hr. 
Approximately  the  same  results  in  the  chlorination  of  anthraquinone-a -sulfonic  acid  could  be  obtained  with  chromium 
trioxide. 

The  chlorination  of  anthraquinone-a -sulfonic  acid  with  permanganate  is  possible  at  a  considerably  lower  hydro¬ 
chloric  acid  concentration  than  with  chlorate  and  particularly  biduomate.  The  reaction  proceeds  successfully  in  a 
mixture  of  sulfuric  and  hydrochloric  acids  (Fig.  2).  The  concentration  of  the  latter  may  be  minimal  (0.1-0.017  N), 
i.e.,  a  level  at  which  chlorination  does  not  occur  in  the  absence  of  sulfuric  acid.  The  permanganate  solution  was 
added  gradually  over  a  period  of  30  min  to  a  boiling  solution  of  anthraquinone-a -sulfonic  acid  in  HCl  and  H2SO4;  a 
precipitate  of  a-chloroantliraquinone  formed  instantaneously.  Manganese  dioxide  could  be  used  instead  of  perman¬ 
ganate,  but  at  a  different  acid  concentration.  For  example,  with  the  use  of  2  g  of  pyrolusite  to  1.31  g  of  potassium 
anthraquinone-a -sulfonate  in  200  ml  of  6.58  N  hydrochloric -sulfuric  acid  mixture  (0.022  mole  of  HCl  and  0.648 
mole  of  H2SO4),  the  yield  of  chloroanthraquinone  after  1  hr  reached  6(J7o.  Higher  yields  could  be  obtained  under 
analogous  conditions  with  active  MnOt>  [6]. 

The  results  of  chlorinating  anthraquinone-a-sulfonic  acid  with  gaseous  chlorine  were  interesting.  It  was  estab¬ 
lished  that  tlie  efficiency  of  the  reaction  depended  to  a  considerable  extent  on  the  concentration  of  hydrochloric  acid 
in  the  solution.  While  l*7o  of  chloroanthraquinone  was  obtained  in  0.1  N  hydrochloric  acid  (with  5  moles  of  HCl  per 
mole  of  sulfonic  acid),  chlorination  at  the  optimal  hydrochloric  acid  concentration  (0.8  N)  gave  a  yield  of  42f7o. 
Acceleration  of  chlorination  by  gaseous  chlorine  in  a  mixture  of  HCl  and  H2SO4  was  observed  only  at  certain  ratios 
of  these  acids.  Thus,  in  a  mixture  of  0.02  mole  of  HCl  and  0.50  mole  of  H2SO4  the  yield  of  a -chloroanthraquinone 
reached  25.5*70,  while  no  chloroanthraquinone  was  formed  in  solutions  of  these  acids  separately  (0.5  mole).  The 
positive  effect  of  the  optimal  concentrations  of  the  mixtures  of  strong  acids  is  probably  connected  with  a  reduction 
in  the  degree  of  hydrolysis  of  active  chlorine  [7]. 

The  action  of  a  solution  of  pure  hypochlorous  acid  [8]  on  a  water  or  a  sulfuric  acid  solution  of  anthraquinone- 
a-sulfbnic  acid  did  not  lead  to  the  formation  of  chloroanthraquinone,  but  in  hydrochloric  acid  solutions,  the  focma- 


•  See  ZhOKh,  3456  (1960)  for  communication  XXXI. 
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don  of  the  latter  began  even  with  0.1  N  HCl  (2.47^)  and  the  yield  reached  maximum  (55^  after  1  hr)  at  an  optimal 
value  of  0.8  N  HCl  (Fig.  1).  In  this  case  also,  favorable  condidons  for  the  reaction  were  created  by  the  use  of  a  mix¬ 
ture  of  hydrochloric  and  sulfuric  acids.  A  maximum  yield  of  a -chloroanthraquinone  95~9Th  vras  obtained  after  1  hr 
by  the  action  of  hypochltxous  acid  on  1  mole  of  potassium  anthraquinone-  a-sulfonate  in  a  mixture  of  5  moles  of  HCl 
and  12.5  moles  of  H2SO4  (5.1  N  mixture).  The  chlorination  rate  with  hypochlorous  acid  both  in  hydrochloric  acid 
and  in  hydrochloric-sulfuric  acid  mixtures  was  hi^er  than  with  gaseous  chlorine.  It  is  quite  possible  that  the  reacdon 
widi  gaseous  chlorine  proceeds  slowly  because  of  the  need  for  the  preliminary  accumuladon  in  soludon  of  hypochlorous 
acid,  which  then  reacts  with  hydrochlcxic  acid  to  liberate  active  chlorine.  In  all  experiments  with  gaseous  chlorine 


Fig.  1.  Yield  of  a -chloroanthraquinone  (in^/o 
of  theoredcal)  in  the  chlorinadon  of  anthra  - 
quinone-a-sulfonic  acid  with  various  oxidants 
in  hydrochloric  acid  [1.31  g  of  potassium  an- 
thraquinone-a -sulfonate (0.004 mole); 200  ml; 
1  hr,  103"].  I)  0.96  g  of  KMn04  (0.0061  mole); 
II)  HCIO  (1.65  g  of  active  chlorine);  III)  2.0  g 
of  K2Cr^07  (0.0067  mole). 


H2S04(N) 


Fig.  2.  Yield  of  a -chloroanthraquinone  (in 
of  theoredcal)  in  the  chlorination  of  anthra¬ 
quinone -a -sulfonic  acid  with  various  oxidants 
in  sulfuric  acid  [1.31  g  of  potassium  anthra¬ 
quinone -a-sulfonate  (0.004  mole).  200  ml; 

1  hr,  103"].  I)  2  g  of  KjCtaO^  (0.0067  mole) 
and  0.47  mole  of  HCl;  II)  0.96  g  of  KMn04 
(0.006  mole)  and  0.02  mole  of  HCl. 


leading  to  the  formation  of  chloroanthraquinone,  the  appearance  of  the  latter  in  the  reaction  medium  began  approxi¬ 
mately  15-20  min  after  the  beginning  of  chlorine  introducdon.  On  the  other  hand,  in  the  reaction  with  hypochlorous 
acid,  a  chloroanthraquinone  precipitate  was  formed  when  the  first  portions  of  HCIO  solution  were  introduced.  Freshly 
prepared  solutions  of  sodium  hypochlorite  could  be  used  equally  successfully  for  oxidadve  chlorinadon  in  a  hydro¬ 
chloric  acid  medium.  Aged  solutions  of  sodium  hypochlorite  gave  higher  yields  than  freshly  prepared  ones  as  more 
stable  compounds  began  to  accumulate  in  them  in  dte  form  of  chlorates.  In  this  case,  the  chloroanthraquinone  yields 
equaled  the  sums  of  the  yields  when  hypochlorous  acid  and  chlorate  were  used  separately. 

Thus,  the  sulfonic  acid  group  in  anthraquinone -a -sulfonic  acid  may  be  replaced  by  chlorine  with  the  aid  of 
various  oxidants  at  the  opdmal  concentration  of  hydrochloric  acid  or  mixtures  of  it  with  sulfuric  acid.  The  optimal 
HCl  concentration  is  given  by  the  following  values  (N):  Mn02  6-7,  K2Cr207  6.0,  Clg  0.75,  KClOj  0.8,  KMn04  0.5. 
These  condidons  are  favcxable  to  polarizadon  of  the  sulfonic  acid  group  and  the  formation  of  the  acdve  chlorinating 
agent  in  accordance  with  the  oxidadon-reducdon  potential  of  the  oxidant.  For  each  of  the  oxidants  it  is  possible  to 
find  conditions  under  which  anthraquinone -a -sulfonic  acid  is  chlorinated  quantitatively  by  varying  all  the  other 
parameters  of  oxidadve  chlorination  [1]. 

EXPERIMENTAL 

A  1.30  g  sample  of  potassium  anthraquinone -a -sulfonate  was  dissolved  in  150  ml  of  hydrochloric  acid  or  a  mix 
ture  of  it  with  sulfuric  acid  of  definite  concentradon.  This  solution  was  heated  to  a  definite  temperature  in  a  three - 
necked  flask  with  a  reflux  condenser,  sulfuric  acid  seal,  stirrer,  and  thermometer  and  to  the  hot  solution  was  added  a 
hot  solutitxi  of  the  oxidant  in  50  ml  of  water.  The  mixmre,  which  was  heated  on  a  Babo  bath,  was  rapidly  adjusted 
to  a  definite  temperature  and  kept  under  these  conditions  for  a  definite  time.  This  order  of  addition  of  oxidant  so¬ 
ludon  was  convenient  for  bichromate  or  manganese  dioxide  at  moderate  concentradons  of  mineral  acids.  At  high 
ctmeentradons  of  hydrochloric  acid  or  mixtures  of  it  with  sulfuric  acid,  for  all  oxidants  it  was  better  to  add  soludons 
of  the  latter  to  the  reacdon  medium  gradually  over  a  period  of  20-30  min  so  that  the  total  chlorination  time  did  not 
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exceed  1  hr  ot  some  other  definite  time.  The  a -chloroanthraquinone  formed  was  collected  by  filtration  of  the  hot 
mixture,  washed  with  hot  water  until  neutral  or  weakly  acid  to  Congo  paper,  and  dried  at  100*;  in  experiments  with 
H2SO4,  the  hot  reaction  mixture  had  to  be  diluted  somewhat  with  hot  water  before  filtration  and  die  chloroanthra¬ 
quinone  washed  with  hot  water  until  the  wash  waters  no  longer  contained  SO4  ions.  When  manganese  compounds  were 
used  as  the  oxidant,  a  small  amount  of  a  reducing  agent  (bisulfite,  oxalic  acid,  etc.)  had  to  be  added  to  the  reaction 
mixture  before  filtration  for  collection  of  the  chloroanthraquinone. 

SUMMARY 

1.  It  was  shown  that  the  sulfonic  acid  group  in  anthraquinone -a -sulfonic  acid  may  be  replaced  by  chlorine  by 
oxidative  chlorination  with  various  oxidants. 

2.  The  optimal  concentration  of  hydrochloric  acid  or  a  mixture  of  it  with  sulfuric  acid  was  required  for  each 
oxidant  in  acc(xdance  with  its  oxidation -reduction  potential. 

3.  The  fact  that  various  oxidants  which  react  with  hydrochloric  acid  could  be  used  confirmed  the  role  of  active 
chlorine  in  the  chlorination  of  anthraquinonesulfonic  acids. 
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The  general  method  of  synthesizing  phosphcffous  esters  consists  of  treating  alcoholates  or  alcohols  with  phos¬ 
phorus  trichloride  in  the  presence  of  organic  bases.  The  phosphorus  trichloride  is  replaced  by  mono-  and  diacid  chlo¬ 
rides  of  phosphorous  acid  for  the  preparation  of  mixed  phosphites  [1]. 

The  purpose  of  our  work  was  the  preparation  and  study  of  the  properties  of  a  new  group  of  phosphorous  esters, 
namely,  acid  chlorides  and  esters  of  glycoldiphosphorous  acid.  First  of  all  we  studied  the  reactions  of  Menshutkin's 
acid  chloride  with  glycol.  These  reactions,  which  are  normally  carried  out  in  ether  and  In  the  presence  of  an  ot- 
ganic  base  are  used  to  prepare  cyclic  esters  of  glycolphosphorous  acid  [2].  We  considered  that  a  change  in  the  re¬ 
action  conditions,  namely,  the  use  of  considerable  excess  of  Menshutkin's  acid  chloride  and  a  decrease  in  the  amount 
of  solvent,  might  alter  its  direction  toward  the  formation  of  a  linear  acid  chloride  of  glycoldiphosphorous  acid.  How¬ 
ever,  experiments  in  this  direction  did  not  give  positive  results.  The  reaction  of  glycol  with  the  diacid  chloride  of 
ethylphosphorous  acid  under  various  conditions  inevitably  gave  only  a  cyclic  ester.  The  high -boiling  fractions  were 
very  small  and  it  was  impossible  to  isolate  individual  products  from  them.  No  appreciable  amounts  of  polycondensa- 
tlon  products  were  formed  in  these  reactions.  Evidently,  esters  with  a  five-membered  ring  are  fcxmed  so  readily  that 
the  other  possible  directions  of  the  reaction  are  completely  or  almost  completely  suppressed. 

Interesting  results  were  obtained  by  studying  the  reaction  of  glycol  with  monoacid  chlorides  of  dialkyl  esters  of 
phosphorous  acid.  The  reaction  with  the  monoacid  chlcxide  of  diethylphosphcxous  acid  in  ether  in  the  presence  of  an 
organic  base  gave  a  yield  of  about  of  the  tetraethyl  ester  of  glycoldiphosphorous  acid  (I). 

2(C2ll80)iPCl  +  HOCHzCHaOH  — ►  (CaHsOljPOCHaClIaOPlOCaHsla  +  2HC1 

(I) 

In  addition  to  the  product  0).  we  obtained  a  considerable  amount  of  a  fraction  which  boiled  mainly  over  the 
range  of  48-50°  at  12  mm.  It  did  not  contain  chlorine,  but  gave  positive  reactions  for  trivalent  phosphorus,  in  par¬ 
ticular,  it  added  sulfur.  This  fraction  was  heated  with  ethyl  bromide  at  140°,  As  a  result,  we  obtained  two  products, 
namely,  the  diethyl  and  ethyl  6-bromoethyl  esters  of  ethylphosphinic  acid.  On  the  basis  of  the  results  obtained,  we 
came  to  the  conclusion  that  the  ester  (I)  formed  during  the  reaction  partly  underwent  disproportionation  to  form  tri- 
ethyl  phosphite  and  the  ethyl  ester  of  glycolphosphorous  acid. 

/O-CH2 

2(C2H50)2P0CIl2Cll20P(0C.,Il5)2  —  (C2H50)3P  f  C2H60-P<  I 

(i)  ^0— CH2 

I  (C.H.Br)  I  (C,H,Br) 

O 

0  Calls  jl 

II  )P-OCH,CH2Br 

C2n5-H(OC2H5)2  GoHsO/ 

It  was  observed  that  during  repeated  distillations,  the  ester  always  formed  a  small  amount  of  a  low -boiling 
fraction.  When  stored  under  normal  conditions,  the  ester  changed,  as  indicated  by  a  gradual  fall  in  its  refractive 
index.  When  the  ester  was  kept  for  20  hr  at  room  temperature,  its  refractive  index  changed  from  1.4427  to  1.4360. 

The  diange  was  more  rapid  in  the  presence  of  catalytic  amounts  of  hydrogen  chloride  or  dimethylaniline  hydrochloride. 
Distillaticxi  of  the  ester  (I)  which  had  been  kept  for  some  time  yielded  a  considerable  amount  of  a  low-boiling  frac¬ 
tion,  which  consisted  of  triethyl  phosphite  and  the  ethyl  ester  of  glycolphosphorous  acid.  Thus,  in  contrast  to  normal 
mixed  esters  of  phosphorous  acid,  esters  of  glycoldiphosphorous  acid  are  much  less  stable  and  readily  undergo  dis- 
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proportionation.  The  ease  of  disproportionation  of  these  esters  is  apparently  explained  by  the  possibility  of  the  for¬ 
mation  of  cyclic  esters  of  phosphorous  acid,  which  are  more  stable  thermodynamically. 

Treatment  of  the  ester  (I)  with  sulfur  yielded  the  tetraethyl  ester  of  glycoldithiophosphoric  acid  (II)  and  treat¬ 
ment  with  ethyl  iodide  yielded  an  isomerization  product,  namely,  the  diethyl  glycol  ester  of  diethylphosphinic  acid 
(III). 

S  S  0  0 

II  II  CzHjO.  II  II 

(C2ii50)2r’Ocn2Cii..oi’(oc,ii5)2  \pocn2Cii2O— p< 

C-dls/  \C0H5 

(II)  (III) 

Diuring  these  reactions  there  was  also  partial  disproportionation  of  the  ester  (1),  as  indicated  by  the  formation  of 
low -boiling  products. 

We  attempted  to  prepare  the  diethyl  glycol  ester  of  diphosphorous  acid  (IV)  by  the  action  of  hydrogen  chloride 
on  the  ester  (I)  at  temperatures  of -20  and -50°,  but  we  isolated  low -boiling  fractions 


/OC2H5 

/)P-0CIl2CFl20-P4 
0^1  1^0 

II  M 

(IV) 


and  only  a  small  amount  of  a  very  viscous  residue,  which  gave  a  fraction  boiling  over  a  wide  range  on  distillation. 

The  direct  action  of  the  acid  chlcxide  of  diethylphosphorous  acid  on  ethylene  glycol  in  the  absence  of  solvent 
and  a  base  did  not  give  the  acid  (IV),  but  diethylphosphorous  acid  and  the  ethyl  6 -chloroethyl  ester  of  phosphorous 
acid  (V),  which  could  have  been  formed  both  from  the  ester  (I)  itself  and  from  its  disproportionation  products. 


The  structure  of  the  ester  (V)  was  confirmed  by  its  synthesis  from  the  ethyl  ester  of  glycolphosphotous  acid  by 
the  action  of  hydrogen  chloride.  The  constants  of  the  two  products  were  similar. 


CH2-0. 

'  > 

Clli-O/ 


P0C2n5 -1- iici  — 


(V) 


0 

II 

cicn2cn20-p-oc2ii5 

I 
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The  action  of  the  acid  chloride  of  dipropylphosphorous  acid  on  ethylene  glycol  gave  a  40^®  yield  of  the  tetra- 
propyl  ester  of  glycoldiphosphorous  acid  and  a  considerable  amount  of  a  low-boiling  fraction.  Distillation  of  it  yielded 
tripropyl  phosphite  and  the  propyl  ester  of  glycolphosphorous  acid.  Isomerization  of  the  tetrapropyl  ester  of  glycol¬ 
diphosphorous  acid  with  propyl  iodide  yielded  the  dipropyl  ester  of  glycoldipropyldiphosphinic  acid. 

The  action  of  the  acid  chloride  of  dibutylphosphorous  acid  on  ethylene  glycol  yielded  the  tetrabutyl  ester  of 
glycoldiphosphorous  acid. 

EXPERIMENTAL 

Reaction  of  ethylene  glycol  with  Menshutkin’s  acid  chloride,  a)  Ethylene  glycol  (20  g,  0.32  mole)  was  added 
dropwise  with  stirring  and  cooling  in  snow  to  a  mixture  of  95  g  (0.65  mole)  of  the  acid  chloride  of  the  monoethyl 
ester  of  phosphorous  acid,  52  g  (0.65  mole)  of  pyridine,  and  400  ml  of  dry  ether.  The  salt  was  removed  by  filtra¬ 
tion  and  the  filtrate  vacuum  distilled.  The  bulk  of  the  material  (about  40  g)  distilled  over  the  range  of  47-53“  at 
13  mm  and  consisted  mainly  of  the  ethyl  ester  of  glycolphosphorous  acid.  No  individual  product  could  be  isolated 
from  the  fraction  boiling  over  the  range  53-106“  at  5  mm  (about  7  g). 

b)  Ethylene  glycol  (16  g,  0.25  mole)  was  added  gradually  with  stirring  and  cooling  with  snow  to  a  mixture  of 
147  g  (1  mole)  of  the  acid  chloride  of  ethylphosphorous  acid,  39.5  g  (0.5  mole)  of  pyridine,  and  200  mi  of  dry  ether. 
The  reaction  mixture  was  treated  as  described  above.  Distillation  yielded  the  ethyl  ester  of  glycolphosphorous  acid 
with  b.p.  50-51“  at  15  mm  and  n^  1.4395. 

Tetraethyl  ester  of  glycoldiphosphorous  acid.  Into  a  three -necked  flask  fitted  with  a  stirrer,  dropping  funnel,  and 
reflux  condenser  were  placed  100  g  (0.64  mole)  of  the  monoacid  chloride  of  diethylphosphorous  acid,  77.5  g  (0,64 
mole)  of  dimethylaniline,  and  300  ml  of  dry  ether.  With  vigorous  stirring  and  cooling,  20  g  (0.32  mole)  of  ethylene 
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With  vigorous  stirring,  15  g  of  etliylene  glycol  was  added  slowly  to  80  g  of  the  monoacid  chloride  of  diethylphosphor- 
ous  acid  at  0*.  The  mixture  was  then  stirred  for  a  further  1.5  hr  at  the  same  temperature.  The  hydrogen  chlwide  was 
removed  and  the  reaction  mixture  vacuum  distilled. 

We  isolated:  1)  diethylphosphorous  acid  (31  g)  and  2)  the  ethyl  6 -chloroethyl  e^ter  of  phosphorous  acid  (7  g). 

1)  B.p,  72'  at  12  mm,  ng  1.4080,  d^®  1.0735.  Literature  data:  b.p.  74-75'  at  14  mm,  ng  1.4080,  d^®  1.0730 [1]. 

2)  B.p.  114-116'  at  12  mm,  ng  1.4437,  d4®  1.2497,  MRp  36.64;  calc.  36.41;  a  Beilstein  test  indicated  the  pres¬ 
ence  of  chlorine  in  the  product. 

Synthesis  of  ethyl  B -chloroethyl  ester  of  phosphorous  acid.  Hydrogen  chloride  was  passed  into  26.5  g  of  the 
ethyl  ester  of  glycolphosphorous  acid  at  O'.  The  excess  was  pumped  off  and  the  residue  vacuum  distilled.  Several 
distillations  yielded  6.1  g  of  the  ethyl  0 -chloroethyl  ester  of  phosphorous  acid. 

B.p.  11-113'  at  10  mm,  ng  1.4430,  d^®  1.2560,  MR^  36.40;  calc.  36.41. 

Found  P  17.98.  C4H10O3PCI.  Calculated <70 :  P  17.96. 

Tetrapropyl  ester  of  glycoldiphosphorous  acid.  This  compound  was  obtained  from  107  g  (0.6  mole)  of  the  acid 
chloride  of  dipropylphosphorous  acid,  70.5  g  (0.6  mole)  of  dimethylaniline,  18  g  (0.6  mole)  of  ethylene  glycol,  and 
200  ml  of  dry  ether.  The  reaction  procedure  was  as  described  above.  Distillation  yielded  about  80  g  of  a  fraction 
boiling  over  the  range  of  50-140'  at  2  mm  and  40.5  g  (397o)  of  the  tetrapropyl  ester  of  glycoldiphosphorous  acid. 
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B.p.  144-146*  at  1  mm,  np  1.4458,  4®  1.0280,  MRj)  92.68;  calc.  92.99. 

Found‘d;  P  17.15.  C14H32O6P2.  Calculated*^:  P  17.32. 

After  many  distillations  with  a  Widmer  column,  the  low-boiling  fraction  yielded:  1)  the  propyl  ester  of  glycol - 
phosphorous  acid  with  b.p.  62-63'  at  11  mm,  np  1.4440,  dV*  1.0960;  2)  tripropyl  phosphite  with  b.p.  84.5-85.5*  at 
11  mm,  1.4264,  d4®  0.9499. 

We  synthesized  the  former  from  the  acid  chloride  of  glycolphosphorous  acid  and  propanol:  it  had  b.p.  62*  at 
10  mm,  np  1.4442,  d^®  1.0954.  The  constants  of  the  two  products  were  identical  and  close  to  those  given  in  the  liter¬ 
ature  [3].  Literature  data  for  tripropyl  phosphite:  b.p.  82-84'  at  10  mm,  np  1.4265,  do®  0.9522. 

Action  of  propyl  iodide  on  the  tetrapropyl  ester  of  glycoldiphosphorous  acid.  A  10  g  sample  of  the  ester  was 
heated  with  excess  propyl  iodide  at  100'  for  6  hr.  We  obtained  4.8  g  (48*^)  of  the  dipropyl  ester  of  glycoldipropyl- 
diphosphinlc  acid. 

B.p.  201-202'  at  2  mm,  np  1.4438,  d^®  1.0760,  MRp  88.37;  calc.  88.58. 

Found‘d:  P  17.09.  C14H32O6P2.  Calculated  *70:  P  17.32. 

Tetrabutyl  ester  of  glycoldiphosphorous  acid.  This  compound  was  obtained  by  the  method  described  above 
from  73  g  (0.34  mole)  of  the  acid  chloride  of  dibutylphosphorous  acid,  41.6  g  (0.34  mole)  of  dimethylaniline,  and 
10.7  g  (0.17  mole)  of  ethylene  glycol  in  100  ml  of  dry  ether.  Two  distillations  yielded  22.5  g  (31.6^)  of  the  tetra¬ 
butyl  ester  of  glycoldiphosphorous  acid. 

B.p.  176-178'  at  3  mm,  np  1.4475,  d^®  0.9899,  MRp  111.9;  calc.  111.46. 

Found  *70:  P  14.87.  C18H40O6P2.  Calculated  *70:  P  14.97. 

SUMMARY 

1.  Esters  of  glycoldiphosphorous  acid  were  synthesized  by  the  action  of  acid  chlorides  of  dialkyiphosphorous 
acids  on  ethylene  glycol.  The  esters  added  sulfur  and  were  isomerized  by  the  action  of  alkyl  halides  into  the  corre¬ 
sponding  esters  of  diphosphinic  acids. 

2.  It  was  shown  that  esters  of  glycoldiphosphorous  acid  undergo  disproportionation  much  more  readily  than 
mixed  esters  of  phosphorous  acid  to  form  the  corresponding  trialkyl  phosphite  and  cyclic  ester  of  glycolphosphorous 
acid. 
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The  lactams  of  some  w -amino  acids  are  known  to  undergo  hydrolytic  polymerization  to  form  linear  polyamides, 
which  are  suitable  for  the  production  of  synthetic  fibers.  A  considerable  number  of  papers  have  been  devoted  to  the 
polymerization  of  e  -caprolactam  and  g  -enantholactam  [1];  the  polymerization  of  lactams  containing  C-alkyl  sub¬ 
stituents  has  been  studied  much  less  and  largely  on  substituted  e  -caprolactams.  This  may  be  explained  by  the  lower 
availability  of  substituted  lactams  and  also  the  fact  that  in  the  cases  studied,  the  polyamides  obtained  had  relatively 
low  melting  points,  which  is  an  unfavorable  factor  from  the  technical  point  of  view. 

However,  it  shoiild  be  pointed  out  that  the  use  of  lactams  for  the  production  of  synthetic  fibers  is  not  the  only 
possible  field  of  application  [1],  In  a  number  of  cases,  polyamide  resins  are  used  as  durable  coatings,  but  this  is 
partly  prevented  by  tlie  low  solubility  of  many  polyamides  in  the  usual  organic  solvents.  In  this  connection,  experi¬ 
ments  were  carried  out  on  the  polymerization  and  copolymerization  of  lactams  containing  substituents  for  the  pre¬ 
paration  of  polyamide  resins  with  a  higher  solubility  in  the  usual  solvents.  Thus,  for  example,  Somlo  et  al.  [2]  pre¬ 
pared  a  polyamide  that  was  soluble  in  hot  alcohol. 

No  C -substituted  lactams  of  ^  -aminoenanthic  acid  have  been  described  in  the  literature.  The  study  of  their 
polymerization  could  be  of  interest  from  the  point  of  view  of  the  kinetics  and  the  preparation  of  polyamide  resins 
with  modified  properties.  The  polymerization  of  e  -caprolactam  is  known  to  proceed  in  such  a  way  that  93-94*70 
of  the  monomer  taken  is  converted  into  the  polyamide,  while  the  polymerization  of  ^  -enantholactam  [3]  proceeds 
to  completion.  On  the  basis  of  data  on  the  polymerization  of  substituted  caprolactams  [4],  it  may  be  surmised  that 
the  introduction  of  alkyl  substituents  would  somewhat  reduce  the  capacity  of  substituted  ^  -enantholactams  to  poly¬ 
merize,  but  that  it  would  probably  remain  quite  high. 

One  possible  route  for  die  preparation  of  C -alkylated  lactams  whose  substituent  contains  not  less  than  two  car¬ 
bon  atoms  is  the  reductive  desulfurization  (hydrogenolysis)  of  lactams  of  thiophene  amino  acids*  with  skeletal  nickel 
according  to  the  scheme : 
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In  our  opinion,  this  route  may  have  some  advantages  over  the  normal  method  of  synthesizing  substituted  e  - 
caprolactams,  which  consists  of  a  Beckmann  rearrangement  of  substituted  cyclohexanone  oximes. 


•  A  method  of  synthesizing  these  lactams  is  the  subject  of  a  separate  communication  of  ours,  in  which  it  is  shown  that 
lactams  of  structure  (I)  are  apparently  the  only  products  of  the  rearrangement  of  the  ewresponding  thiophenocyclo- 
alkanone  oximes  [5]. 
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The  point  is  that  the  latter  method  gives  a  mixture  of  two  isomeric  lactams  that  are  difficult  to  separate  in  the 
rearrangement  of  2-methylcyclohexanone  oxime  [4,  6]  and  2-ethylcyclohexanone  oxime  [2].  In  addition,  this  meth¬ 
od  includes  the  preparation  of  substituted  alicyclic  ketones,  which  are  unsuitable  for  compounds  containing  more  than 
6  carbon  atoms  in  the  ring  as  such  ketones  are  obtained  in  relatively  low  yields. 

As  already  pointed  out,  in  the  method  we  propose  the  starting  materials  are  lactams  of  a;-(3-aminothienyl-2)- 
alkanoic  acids  (1),  whose  synthesis  does  not  involve  any  considerable  difficulties  as  all  the  reactions  give  high  yields. 
The  reductive  desulfurization  of  the  lactams  (1)  was  effected  by  treatment  of  their  aqueous  alcohol  solutions  with 
skeletal  nickel  at  65-70°.  The  desulfurization  proceeded  very  rapidly  even  with  a  relatively  small  excess  of  skeletal 
nickel,  but  in  some  cases  the  hydrogenolysis  products  contained  some  unsaturated  compounds  (test  with  potassium  per¬ 
manganate  solution).  The  hydrogenolysis  of  the  lactam  of  5  -(3-amino-5-methylthienyl-2)-valeric  acid  (1;  R  =  CHj, 
n  =  4)  yielded  a  desulfurization  product,  which,  according  to  elementary  analysis  data  and  the  results  of  further  hy¬ 
drogenation,  contained  a  considerable  amount  of  an  unsaturated  lactam. 

Retreatment  of  the  products  obtained  with  excess  skeletal  nickel  yielded  lactams  with  sharp  melting  points, 
which  did  not  change  the  color  of  potassium  permanganate  solution.  It  can  be  stated  therefore  that  in  the  reductive 
desulfurization  of  the  thiophenolactams  (I),  the  elimination  of  sulfur  proceeds  much  more  rapidly  than  the  hydrogena¬ 
tion  of  tlie  double  bonds  of  the  thiophene  ring. 

The  hydrogenolysis  of  the  lactam  of  fl-methyl- 5 -(3-aminothienyl-2)-valeric  acid  (III)  formed  a  mixture  of 
diastereoisomeric  lactams  with  formula  (IV),*  from  which  we  were  able  to  isolate  only  one  isomer  in  a  pure  form. 
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The  lactams  of  aliphatic  amino  acids  (II)  obtained  were  converted  into  free  amino  acids  by  heating  with  dilute 
sulfuric  acid  and  subsequent  neutralization  of  the  solution  with  barium  hydroxide. 

As  side  processes  (isomerization  of  the  rings,  fcx  example)  cannot  be  excluded  theoretically  in  die  reductive 
desulfurization  of  thiophene  lactams,  the  structure  of  the  lactams  (II)  ftxmed  by  hydrogenolysis  required  additional 
confirmation.  For  this  purpose  we  undertook  a  confirmatory  synthesis  of  two  aliphatic  amino  acids  corresponding  to 
two  of  the  lactams  (II)  obtained,  namely,  7-aminopelargonic  (V;  R  =  H,  n  =  4)  and  7-aminocapric  acids  (V;  R  =  CHs; 
n  =  4). 
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These  amino  acids  were  synthesized  from  the  oximes  of  the  keto  acids  (IX)  by  the  method  we  used  previously  [7]: 
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•  The  lactam  (IV)  contains  two  asymmetric  carbon  atoms. 
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Ethyl  thlenylacetate  (VI)  was  acylated  with  propionyl  or  butyryl  diloride  in  the  presence  of  stannic  chloride;  the 
keto  esters  (Vll)  obtained  were  hydrolyzed  and  the  keto  acids (VIII)  formed  were  heated  with  hydroxylamine  to  form 
tlie  oximino  acids  (IX).  Reductive  desulfurization  of  the  latter  with  skeletal  nickel  yielded  the  corresponding  aliphatic 
amino  acids  (X).  Mixed  melting  points  of  the  7-aminopelargonic  and  7-aminocapric  acids  synthesized  by  this  method 
with  samples  of  the  corresponding  amino  acids  obtained  by  hydrolysis  of  the  lactams  (II)  were  not  depressed.  Mixed 
melting  points  of  derivatives  of  these  amino  acids  likewise  were  not  depressed.  Thus,  we  confirmed  the  structure  of 
the  lactams  (II;  R  =  II,  n  =  4  and  R  =  CM3,  n  =  4)  obtained  by  hydrogenolysis  of  the  lactams  (I;  R  =  H,  n  =  4  and  R  = 

=  CMa,  n  =  4). 

EXPERIMENTAL 

Preparation  of  Lactams  of  Aliphatic  Amino  Acids  by  Reductive  Desulfurization  of 
Lactams  of  (j-(3-Aminothienyl-2)-alkanoic  Acids 

S  -Mcthyl-c  -ethyl-^  -enantholactam  (IV).  To  a  stirred  solution  of  5.4  g  of  the  lactam  (ID)  in  200  ml  of  al¬ 
cohol  and  200  ml  of  water  at  65*  was  added  about  40  g  of  skeletal  nickel.  Stirring  at  65-70®  was  continued  until  a 
sample  of  the  solution,  filtered  free  from  nickel,  gave  a  negative  reaction  for  sulfur  [8]  (approximately  1.5  hr).  The 
nickel  was  removed  by  filtration  and  washed  several  times  with  warm  alcohol.  The  filtrates  were  combined  and 
evaporated  to  dryness  in  vacuum.  The  residue  was  dried  in  a  vacuum  desiccator  and  dissolved  in  ether.  The  solu¬ 
tion  was  filtered  and  the  ether  evaporated.  We  obtained  3.94  g  of  an  oil  with  b.p.  158-160®  at  10-11  mm;  the  yield 
was  73%.  The  product  was  evidently  a  mixture  of  diastereoisomcric  3 -methyl-  ^  -ethyl-^  -enantholactams.  By 
repeated  recrystallization  from  heptane  it  was  possible  to  isolate  a  substance  with  a  constant  melting  point  (81.5-82.5°), 

Found  %:  C  70.99,  70.82;  M  11.38,  11.38;  N  8.48,  8.59.  CioM^ON.  Calculated  %:  C  70,96;  H  11.31;  N  8.28. 

Analogous  reductive  desulfurizations  of  die  lactams  of  y  -(3-aminothienyl-2)-butyric  acid  (I;  R  =  H,  n  =  3),  6  - 
(3-aminothienyl-2)-valeric  acid  (I;  R  =  H,  n  =  4),  and  5  -(3 -amino-5 -methylthienyl-2)-valeric  acid  (I;  R  =  CH3,  n=4) 
yielded  the  lactams  of  the  corresponding  aliphatic  amino  acids,  whose  properties  are  given  in  Table  1. 

Unsaturated  lactam  C10M17ON.  To  a  solution  of  8.75  g  of  the  lactam  (I;  R  =  CH3,  n  =  4)  in  300  ml  of  alcohol 
and  150  ml  of  an  £%  aqueous  solution  of  ammonia  at  65®  was  added  about  30  g  of  skeletal  nickel  with  stirring.  After 
the  mixture  had  been  stirred  for  1  lir  at  65-70®,  a  test  for  sulfur  was  negative.  The  subsequent  treatment  was  as  in 
the  previous  experiment.  Distillation  of  the  product  yielded  6.46  g  of  a  substance  with  b.p.  156-157®  at  10  mm  and 
m.p.  37-44®,  which  was  evidently  a  mixture  of  ^  -propyl-^  -enantholactam  (II;  R  =  CH3,  n  =  4)  with  a  lactam  con¬ 
taining  a  double  bond.  Recrystallization  of  this  mixture  yielded  a  product  with  m.p.  49-51®,  which  changed  the  color 
of  potassium  permanganate  solution  and  rapidly  decolorized  bromine  water. 

Found  %:  C  7.177,  71.86;  M  10.23,  10.33;  N  8.50,  8.51.  C10H17ON.  Calculated  %;  C  71.81;  H  10.25;  N  8.38. 
CioHjjON.  Calculated  %:  C  70.96;  M  11.31;  N  8.28. 

These  elementary  analysis  data  show  that  the  unsaturated  lactam  predominated  in  the  recrystallized  product. 

Preparation  of  Aliphatic  Amino  Acids  by  Hydrolysis  of  Lactams 

7-Amino-3-methylpelargonic  acid.  A  mixture  of  5.55  g  of  the  crystalline  lactam  (IV)  and  50  ml  of  20%  sul¬ 
furic  acid  was  boiled  for  several  hours.  The  solution  was  diluted  with  100  ml  of  water  and  neutralized  to  pH  7  with 
saturated  barium  hydroxide  solution.  The  barium  sulfate  was  removed  by  filtration  and  washed  with  water.  The 
filtrates  were  combined  and  evaporated  in  vacuum.  The  residue  was  dried  in  a  vacuum  desiccator  over  phosphorus 
pentoxide;  it  weighed  5.1  g.  Recrystallization  of  the  product  from  a  mixture  of  acetone  and  alcohol  and  then  from 
acetone  yielded  7 -amino-3 -methylpelargonic  acid,  whose  properties  are  given  in  Table  1. 

The  lactams  of  6-aminocaprylic  acid  (II;  R  =  H,  n  =  3),  7-aminopelargonic  acid  (II;  R  =  H,  n  =  4),  and  7- 
aminocapric  acid  (II;  R  =  CH3,  n  =  4)  were  hydrolyzed  analogously.  The  properties  of  the  amino  acids  obtained* 
and  their  derivatives  are  given  in  Table  1. 

Preparation  of  (5 -Acylthienyl-2)-acetic  Esters 

To  a  stirred  solution  of  0.1  mole  of  ethyl  thienylacetate  (VI)*  •  and  0.11  mole  of  propionyl  or  butyryl  chloride 
in  100  ml  of  benzene  at  2-4®  was  added  a  solution  of  0.1  mole  of  stannic  chloride  in  20  ml  of  benzene  dropwise. 


•  All  the  aliphatic  amino  acids  we  obtained  retained  water  quite  strongly  and  this  could  be  removed  completely  only 
by  drying  frie  amino  acids  over  phosphorus  pentoxide  with  heating  in  vacuum. 

•  *  The  ethyl  thienylacetate  was  synthesized  by  chloromethylation  of  thiophene  [10],  conversion  of  the  chloromethyl- 
thiophene  to  thienylacetonitrile  [11],  and  hydrolysis  of  the  latter  in  the  presence  of  alcohol  [10]. 
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Literature  data  [2]:  b.p.  148*  at  12  mm;  m.p.  93,1-93.3*. 
Literature  data  [9]:  m.p,  191-192*. 


After  the  addition,  the  mixture  was  stirred  ftx  1  hr  at  room 
temperature  and  then  decomposed  with  cold  dilute  (1  :  8) 
hydrochloric  acid,  which  was  added  gradually  to  the  cooled 
reaction  mixture.  The  (xganic  layer  was  separated  and 
washed  with  dilute  hydrochloric  acid,  water,  sodium  bicar¬ 
bonate  solution,  and  water  again.  After  the  solution  had 
been  dried  and  ftie  benzene  removed,  vacuum  distillation 
of  the  residue  yielded  the  ester  of  the  corresponding  keto 
acid  (Vn). 

The  method  was  used  to  synthesize  ethyl  (5-propionyl- 
thienyl-2)-acetate  (VIl;  R  =  QHs)  and  ethyl  (5-butyryl- 
thienyl-2)-acetate  (VII;  R=  C3H7),  whose  properties  are  given 
in  Table  2. 

Preparation  of  (5 -Acylthienyl-2)-acetic 
Acids 

To  a  solution  of  0.05  mole  of  ethyl  (5-acylthienyl- 
2)-acetate  (Vll)  in  20  ml  of  alcohol  was  added  a  solution 
of  0.1  mole  of  sodium  hydroxide  in  25  ml  of  water.  The 
red  solution  formed  was  boiled  for  4  hr,  cooled,  diluted 
with  25  ml  of  water,  and  acidified  to  Congo  with  concen¬ 
trated  hydrochloric  acid.  The  precipitated  oil  crystallized 
on  cooling.  The  precipitate  of  the  keto  acid  (VIII)  was 
collected,  washed  with  water,  and  recrystallized  from 
aqueous  alcohol  and  then  from  a  mixture  of  toluene  and 
hexane. 

(5-Propionylthienyl-2)-acetic  acid  (VIII;  R  =  C2H5) 
and  (5-butyrylthienyl-2)-acetic  acid  (VIII;  R=  C3H7)  were 
prepared  by  this  method;  their  properties  are  given  in 
Table  2. 


Preparation  of  Oximes  of  (5 -Acylthienyl-2)- 
acetic  Acids 


A  mixture  of  0.033  mole  of  the  (5-acylthienyl-2)- 
acetic  acid  (VIII),  0.1  mole  of  hydroxylamine  hydro¬ 
chloride,  0.2  mole  of  sodium  hydroxide,  and  40  ml  of 
water  was  boiled  for  4  hr.  The  solution  was  cooled  and 


acidified  to  Congo  with  concentrated  hydrochloric  acid. 
The  precipitate  of  the  oxime  (IX)  was  collected,  washed, 
and  recrystallized  from  aqeous  alcohol. 


This  method  was  used  to  prepare  the  oximes  of  (5- 
propionylthienyl-2)-acetic  acid  (IX;  R  =  C2n5)  and  (5- 
butyrylthienyl -2) -acetic  acid  (IX;  R  =  C3H7),  whose  proper¬ 
ties  are  given  in  Table  2. 


Preparation  of  Aliphatic  Amino  Acids  by 
Reductive  Desulfurization  of  Oximes  of  (5- 
A cy Ithieny 1 -2 ) -a cetic  Acids 

7  -Aminopelargonic  acid  (X ;  R  =  QHs).  To  a  stirred 
solution  of  4.38  g  of  the  oxime  of  (5-propionylthienyl-2)- 
acetic  acid  (IX,  R  =  C2H5)  in  a  mixture  of  200  ml  of  water 
and  50  ml  of  concentrated  ammonia  solution  at  65°  was 
added  about  40  g  of  skeletal  nickel.  The  mixture  was 
stined  for  6  hr  (until  a  test  for  sulfur  was  negative).  The 
nickel  was  removed  by  filtration  and  washed  repeatedly 
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with  hot  water,  the  filtrates  were  evaporated,  and  the  residue  dried  in  vacuum.  The  dry  substance  was  dissolved  in 
30  ml  of  alcohol,  the  solution  filtered,  and  the  filtrate  treated  with  activated  charcoal  and  diluted  with  ether.  The 
precipitate  was  collected  and  dried.  It  weighed  1.76  g  (50*^  yield).  Recrystallization  from  a  mixtrire  of  alcohol  and 
acetone  and  drying  in  a  vacuum  pistol  yielded  7 -aminopelargonic  acid  (X;  R  =  C2H5)  with  m.p.  167-168’,  which  did 
not  depress  the  melting  point  of  the  amino  acid  (V;  R  =  H,  n  =  4)  obtained  by  hydrolysis  of  the  lactam  (II;  R  =  H, 
n  =  4).  The  benzoyl  derivative  of  this  amino  acid  melted  at  112-113.5°  and  did  not  depress  the  melting  point  of  the 
benzoyl  derivative  of  the  amino  acid  (V;  R  =  H,  n  =  4). 

Analogous  reductive  desulfurization  of  the  oxime  of  (5-butyrylthienyl-2)-acetic  acid  (IX;  R  =  C3H7)  gave  a  52^ 
yield  of  7-aminocapric  acid  (X;  R  =  C3II7),  which  had  m.p.  149-150’  and  did  not  depress  the  melting  point  of  the 
sample  of  the  amino  acid  (V;  R  =  CH3,  n  =  4),  obtained  by  hydrolysis  of  the  lactam  (II;  R  =  CH3,  n  =  4).  The  p- 
toluenesulfonyl  derivative  of  this  amino  acid  melted  at  91.5-93’  and  did  not  depress  the  melting  point  of  a  sample 
of  the  p-toluenesulfonyl  derivative  of  the  amino  acid  (V;  R  =  Cn3,  n  =  4). 

SUMMARY 

1.  A  new  method  was  developed  for  preparing  aliphatic  e  -  and  c  -amino  acids  and  C-sii)stituted  lactams, 
which  was  based  on  the  reductive  desulfurization  of  seven  -  and  eight -membered  lactams  containing  a  thiophene 
nucleus  with  skeletal  nickel. 

2.  The  reductive  desulfurization  of  the  lactams  of  y  -(3-aminothienyl-2)-butyric,  fl -methyl-  6  -(3-amino- 
thienyl-2)-valeric,  5  -(3-aminothienyl-2)-valeric,  and  6  -(3-amino-5-methylthienyl-2)-valeric  acids  yielded  e- 
etiiyl-6  -caprolactam,  0 -methyl-  ^  -ethylenantholactam,  g  -ethyl-^;  -enantholactam,  and  ^  -n-propyl-g  -enantholac- 
tam,  respectively. 

3.  The  structure  of  the  last  two  lactams  was  demonstrated  by  their  hydrolysis  to  7 -aminopelargonic  and  7- 
aminocapric  acids  and  the  confirmatory  synthesis  of  these  amino  acids  from  the  oximes  of  (5-propionylthienyl-2)- 
acetic  and  (5-butyrylthienyl-2)-acetic  acids. 

4.  In  the  reductive  desulfurization  of  lactams  of  w-(3-aminothienyl-2)-alkanoic  acids,  the  more  rapid  stage 
of  the  reaction  is  the  elimination  of  sulfur  to  form  lactams  with  unsaturated  bonds,  which  ate  hydrogenated  com¬ 
paratively  slowly  to  saturated  lactams. 

LITERATURE  CITED 

1.  V.  V.  Korshak,  T.  M.  Frunze,  and  N,  G.  Matveeva,  Usp.  Khim.  25,  419  (1956). 

2.  F.  Somlo,  G,  Lemetre,  U.  Giolitti,  A.  Mirabini,  and  S.  Pierucci,  Chim.  e,  ind.  (Milan),  905  (1957). 

3.  F.  M.  Mandrosova  and  A.  A,  Strepikheev,  Khim.  volokna.  No.  4,  6  (1959). 

4.  Z.  A,  Rogovin,  A.  A.  Strepikheev,  and  A.  Prokofeva,  ZhOKh,  IT,  1321  (1947). 

5.  B.  P,  Fabrichnyi,  I,  F.  Shalavina,  and  Ya.  L.  Gol'dfarb,  ZhOKh,  1244  (1961). 

6.  S.  Schaaf,  Faserforsch.  u.  Textiltechn.  10,  328  (1959);  Ch.  A.  M,  21653  (1959). 

7.  Ya.  L.  Gol’dfarb,  B.  P.  Fabrichnyi,  and  I.  F.  Shalavina,  ZhOKh,  891  (1959). 

8.  Ya.  L.  Gol'dfarb,  B.  P.  Fabrichnyi,  and  I.  F,  Shalavina,  ZhOKh,  219  (1958). 

9.  H.  Shechter  and  J,  C,  Kirk,  J.  Am.  Chem.  Soc.  T^,  3087  (1951). 

10.  F,  F.  Blicke  and  F,  Leonard,  J.  Am.  Chem.  Soc.  68,  1934  (1946). 

11.  P.  Cagniant,  Bull.  Soc.  Chim.  France,  847  (1949). 


All  abbreviations  of  periodicals  in  the  above  biblioRraphy  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


1929 
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In  previous  reports  [1,  2]  we  showed  by  way  of  example  of  para -substituted  aryl  diazonium  chlorides  and  their 
soluble  salts  with  metal  chlorides  that  there  is  a  relation  between  the  position  of  the  absorption  band  corresponding 
to  the  valence  vibrations  of  the  triple  bond  N  =  N  and  both  the  character  of  the  substitutent  in  the  benzene  ring  and 
the  nature  of  the  metal.  Further,  by  way  of  example  of  double  diazonium  salts  of  thallium  trichloride  we  found  tliat 
the  frequency  of  the  N  =  N  valence  vibrations  also  depends  on  the  composition  of  the  double  salt  (ArN2Cl)fn(MeCln)p, 
i.e„  on  the  ratio  between  tile  diazonium  chloride  and  the  metal  chloride. 

To  confirm  that  the  relation  between  the  position  of  the  N  =  N  triple  bond  and  composition  is  not  an  exclusive 
property  ofthalliumcompounds;  we  investigated  infrared  spectra  in  the  2100-2300  cm-^  region  for  other  double  di¬ 
azonium  salts. 

It  is  known  that  bismutii  trichloride  forms  double  diazonium  salts  whose  composition  has  an  m  :  p  ratio  of 
1  :  1,  2  :  1  and  3  ;  1  [3-5].  On  the  basis  of  an  analysis,  Chellanger  and  Wilkinson  [3],  who  in  1922  obtained  double 
salts  of  bismuth  trichloride  with  phenyldiazonium  chloride  and  p-tolyldiazonium  chloride,  attributed  to  the  first  com¬ 
pound  a  1  :  1  composition  with  1.5  to  3.5  molecules  of  water,  and  to  the  second  a  3  :  1  composition  (also  with  a 
molecule  of  water).  Charrier  [6]  obtained  a  number  of  double  diazonium  salts  of  bismuth  chloride,  but  he  derived 
a  formula  which  was  not  confirmed  by  analyses.  Probably  that  is  why  none  of  the  formulas  which  Charrier  assigned 
to  the  compounds  obtained  were  confirmed  by  subsequent  investigators.  In  1936,  K,  A.  Kocheshkov  and  A,  N.  Nes- 
meyanov  [4]  carried  out  a  detailed  investigation  of  double  diazonium  salts  of  bismuth.  Having  obtained  a  number  of 
bismuth  salts,  they  noted  that  difficultly  separable  salts  of  1  :  1  and  2  :  1  composition  are  generally  formed,  and  they 
could  only  isolate  individual  compounds  in  certain  cases.  In  1941  Gilman  and  Jablunki  [5]  obtained  a  number  of 
double  diazonium  salts  of  bismuth  of  2  :  1  composition  and  one  salt  of  3  ;  1  composition.  Table  1  gives  the  double 
diazonium  salts  obtained  by  various  investigators.  From  the  data  of  this  Table  it  is  seen  that  double  diazonium  salts 
of  bismuth  trichloride  are  often  formed  as  mixtures.  As  yet,  no  investigator  has  succeeded  in  obtaining,  for  the  same 
aryldiazonium  chloride,  double  diazonium  salts  with  BiCls  of  three  compositions,  1  :  1,  2  :  1,  and  3  :  1. 

We  first  investigated  double  diazonium  salts  of  bismuth  chloride  and  p-tolyldiazonium  chloride,  for  which  salts 
with  a  2  ;  1  and  3  :  1  component  ratio  have  been  described  in  the  literature.  Investigating  the  infrared  spectra  of 
these  compounds  in  the  2100-2300  cm"^  region,  we  found  that  the  position  and  character  of  absorption  of  the  triple 
bond  depends  on  the  composition  of  the  salt:  thus,  for  the  double  diazonium  salt  of  bismuth  trichlcxide  and  p-tolyl¬ 
diazonium  chloride  of  3  :  1  component  ratio  the  absorption  band  is  located  at  2268  and  2260  cm"^  (split  peak),  while 
for  a  salt  of  2  :  1  ratio  it  is  located  at  2255  cm 

Investigating  mixtures  of  double  diazonium  salts  of  p-tolyldiazonium  chloride  and  BiCls,  obtained  by  various 
methods,  we  found  that  in  addition  to  these  bands  their  spectrum  contains  a  new  absorption  band  at  2237  cm"^.  We 
were  able  to  select  reaction  conditions  under  which  there  is  formed  only  the  double  diazonium  salt,  the  absorption 
band  of  which  is  observed  at  2237  cm"'.  Ultimate  analysis  showed  that  we  had  isolated  a  salt  of  1  :  1  composition 
(p-CHsCeH^NjClBiCls). 

In  this  work,  since  we  had  set  ourselves  the  problem  of  examining  the  essential  possibility  of  the  use  of  infrared 
spectroscopy  for  the  identification  of  double  diazonium  salts,  we  limited  the  investigation  to  double  diazonium  salts 
of  bismuth  trichloride  and  p-carbethoxyphenyldiazonium  chloride,  and  also  salts  of  the  bismuth  compound  and  p- 
chlorophenyldiazonium  chloride,  not  described  in  the  literature.  As  may  be  seen  from  Table  1,  a  salt  of  2  :  1  com¬ 
position  and  a  mixture  of  2  : 1  and  1  :  1  salts  were  known  for  these  compounds. 
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TABLE  1.  Double  Diazonium  Salts  of  Bismuth  Trichloride  with  the  Composition 
(XQH4N2Cl)ni(BiC]3)p 


Note.  The  figures  in  brackets  are  literature  references.  The  dotted  lines  indicate 
that  the  authors  obtained  a  mixture  of  salts  of  corresponding  composition. 


In  the  case  of  p-carbethoxyphenyldiazonium  chloride,  using  infrared  spectroscopy  we  selected  conditions  under 
which  it  was  possible  to  isolate  double  diazonium  salts  of  1  :  1,  2  :  1  and  3  :  1  composition. 

For  p-chlorophenyldiazonium  chloride  we  pot  only  succeeded  in  isolating  double  diazonium  salts  of  1  : 1  and 
2  : 1  composition  in  the  analytically  pure  state  (Kocheshkov  and  Nesmeyanov  obtained  these  in  the  form  of  a  mix¬ 
ture)  but  also  obtained  a  3  : 1  double  diazonium  salt. 

The  data  we  obtained  on  double  diazonium  salts  of  bismuth  are  given  in  Table  2  and  Fig.  1.  In  Table  2,  com¬ 
pounds  obtained  by  the  authors  for  the  first  time  are  indicated  by  asterisks. 

Therefore  from  these  data  it  is  evident  that  for  bismuth  compounds  there  is  a  relation  between  the  position  of 
the  absorption  band  of  the  N  =  N  triple  bond  and  the  composition  of  the  compound.  The  results  obtained  make  it 

likely  that  the  relation  between  the  position  of  the  peak 
of  the  N  =  N  triple  bond  and  the  composition  of  double 
diazonium  salts,  found  for  thallium  compounds,  has  a 
•general  character.  As  in  the  case  of  salts  of  other  metals, 
the  spectrum  of  double  diazonium  salts  of  bismuth  is 
complex:  instead  of  the  one  symmetrical  band  of  the 
initial  compounds  (aryl  diazonium  chlorides),  two  bands 
are  observed. 

.We  also  considered  it  of  interest  to  examine  the 
problem  of  the  effect  of  the  valence  of  the  metal  on 
the  position  and  character  of  the  absorption  band  of 
the  N  =  N  triple  bond  of  double  diazonium  salts.  We 
investigated  the  infrared  spectra  of  tri  and  pentavalent 
antimony  compounds  having  the  same  ratio  of  com¬ 
ponents  nj  :  p  (1  :  1).  Double  diazonium  salts  of  tri- 
valent  antimony  have  been  closely  investigated  [7]  and 
we  determined  their  infrared  spectra  previously  [1].  Pentavalent  antimony  salts  were  obtained  by  a  method  previously 
developed  by  one  of  the  authors  [8],  Table  3  gives  the  frequencies  of  the  maxima  of  the  N  =  N  bond  for  double  di¬ 
azonium  salts  of  SbCls  and  SbCls  certain  p -substituted  phenyldiazonium  chlorides. 

These  results  indicate  a  substantial  difference  in  the  character  (Fig.  2)  and  position  of  the  absorption  bands  of 
the  N  =  N  triple  bond  when  the  valence  of  the  metal  varies. 

On  the  basis  of  the  experimental  results  of  this  work  and  of  previously  published  data  [1,  2],  it  may  be  stated 
that  infrared  spectra  can  be  used  for  the  identification  of  double  diazonium  salts  of  metal  halides.  The  position  of 
the  N  =  N  absorption  band  is  an  individual  characteristic  of  the  given  double  diazonium  salt. 


TABLE  2,  Frequencies  (in  cm  "^)  of  the  Absorption 
Maxima  of  the  N  =  N  Bond  for  (p-XC6H4N2Cl)jn(BiCl3)p 
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TABLE  3.  Frequencies  (In  cm"^)  of  the  Absorption  Maxima  of  the  N  =  N  Bond  for 
(p-XC6H4N2Cl)mSbClp 


Fig.  1.  Appearance  of  the  absorption  bands  of  the  N  =  N 
triple  bond  for  (p-XC6H4N2Cl)fj^(BiCl3)p. 


Fig.  2.  Appearance  of  the  absorption  band  of  tlie  N  =  N  triple  bond  for 
(p-XC6n4N2Cl)j^SbClp. 


Infrared  spectroscopy  may  be  useful  for  investigating  the  mechanism  of  reactions  in  which  double  diazonium 
salts  take  part. 

EXPERIMENTAL 

The  spectra  of  the  compounds  were  determined  in  an  IKS -11  spectrometer  with  an  LiF  prism  (for  solid  com¬ 
pounds,  in  the  form  of  a  paste  in  vaseline  oil). 


Double  diazonium  salts  (2  : 1  ratio  of  bismuth  chloride  with  p-tolyldiazonium  chloride  and  p-chlorophenyl- 
diazonium  chloride)  were  obtained  by  the  Kocheshkov  and  Nesmeyanov  method  [4];  the  other  double  diazonium  salts 
with  bismuth  chloride  were  obtained  by  the  following  methods. 

1.  Solid  aryl  diazonium  chloride  obtained  by  the  Knoevenagel  method  [9]  was  dissolved  in  anhydrous  alcohol, 
cooled  to  -10",  and  the  solution  obtained  was  added  to  a  cooled  (-10")  solution  of  bismudi  trichloride  in  alcohol 
saturated  with  hydrogen  chloride.  In  some  cases  the  order  of  addition  was  the  reverse.  A  precipitate  of  the  double 
diazonium  salt  was  formed  from  the  reaction  mixture;  it  was  reprecipitated  with  ether  from  anhydrous  alcohol,  washed 
with  ether  and  dried  in  a  vacuum  desiccator. 

p-CH3CcH4N2ClBiCl3  was  obtained  from  0.01  mole  of  P-CH3C6H4N2CI  and  0.012  moleofBiCl3.  It  was  a 
colorless  crystalline  precipitate.  The  m.p.  was  108"  (with  decomp.). 

Found  °lo:  C  18.10,  17.97;  H  1.57,  1.61.  CYHTNzCl^i.  Calculated  °loi  C  17.89;  H  1.50. 

p-ClC6H4N2ClBiCl3  was  obtained  from  0.03  mole  of  BiCl3  and  0.01  mole  of  p-ClC5H4b^Cl.  It  was  a  color¬ 
less  crystalline  precipitate.  The  m.p.  was  148". 

Found  7o:  C  14.01,  14.18;  H  0.68,  0.89.  QH4N2Cl5Bi.  Calculated  %  C  14.70;  H  0.82. 

p-C2H50C)CC6H4N2ClBiCl3  was  obtained  from  0.01  mole  of  p-C2H50CXrC6H4N2Cl  and  0.012  mole  of  BiClg. 

It  was  a  colorless  crystalline  precipitate.  The  m.p.  was  64"  (with  decomp.). 

Found  7o;  C  20.58,  20.66;  H  1.90,  1.87.  C9H90^N2Cl4Bi.  Calculated  T* :  C  20.47;  H  1.71. 

(p-ClC6H4N2Cl)3BiCl8  was  obtained  by  adding  a  solution  of  0.01  mole  of  BiCl3  to  a  solution  of  0.03  mole  of 
P-CIC6II4N2CI.  It  was  a  colorless  crystalline  precipitate.  The  m.p.  was  114"  (with  decomp.). 

Found  7o:  C  25.99,  25.83;  H  1.35,  1.45.  CigHcNgCl^i.  Calculated  7o :  C  25.72;  H  1.44. 

(p-QH50C)CC6ll4N2Cl)feBiCl3  was  obtained  from  0.02  mole  of  p-C^H500CC6H4l^Cl  and  0.01  mole  of  BiClg. 
It  was  a  colorless  crystalline  precipitate.  The  m.p.  was  89"  (with  decomp.). 

Found  7o;  C  28.99,  28.90;  H  2.86,  2.62.  Cjgni804N4Cl5Bi.  Calculated  7o:  C  29.19;  H  2.45. 

2.  A  cooled  hydrochloric  acid  solution  of  bismuth  chloride  was  added  to  a  cooled  solution  of  aryl  diazonium 
chloride  (diazotization  of  the  corresponding  amine  by  sodium  nitrate  in  dilute  hydrochloric  acid).  The  precipitate 
obtained  was  washed  with  a  small  amount  of  cold  5  N  hydrochloric  acid,  cooled  with  alcohol  and  ether  and  dried  in 
a  vacuum  desiccator. 

(p-CH3QH4N2Cl)3BiCl3  was  obtained  from  0.03  mole  of  p-toluidine  and  0.01  mole  of  BICIq.  It  was  a  color¬ 
less  crystalline  precipitate.  The  m.p.  was  118*  (with  decomp.). 

Found  7o:  C  32.13,  32.21;  H  2.76,  2.84.  C2iH2iN6Cl6Bi.  Calculated  7o:  C  32.37;  H  2.72. 

(p-C2H500CC6H4N2Cl)5BiCl3  was  obtained  from  0.03  mole  of  P-C2H5OOCC6H4NH2  and  0.01  mole  of  BiClg. 

It  was  a  colorless  crystalline  precipitate.  The  m.p.  was  106"  (with  decomp,). 

Found  7o:  C  34.38,  34.27;  H  2.90,  3.01;  N  8.87.  C27H2706NGCl€Bi.  Calculated  T*:  C  34.02;  H  2.85;  N  8.82. 

Double  diazonium  salts  with  antimony  trichloride  were  obtained  by  the  May  method  [7],  while  those  with  an¬ 
timony  pentachloride  were  obtained  by  the  method  described  by  O.  A,  Reutov  [8]. 

SUMMARY 

1.  An  investigation  was  made  of  the  absorption  corresponding  to  valence  vibrations  of  the  N  =  N  triple  bond 
in  molecules  of  double  diazonium  salts  of  bismuth  trichloride  and  antimony  pentachloride. 

2.  It  was  shown  that  the  position  of  the  peak  of  the  triple  bond  depends  on  the  composition  of  the  double  di¬ 
azonium  salts  and  the  valence  of  the  metal. 

3.  It  was  established  that  the  absorption  corresponding  to  the  N  =  N  triple  bond  is  an  individual  characteristic 
of  double  diazonium  compounds. 
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From  plants  of  the  genus  Erysimum  fam,  Cruciferae,*  individual  glucosides  were  isolated  from  ^  canescens 
Roth. [2],  E.  Marshalli  (stark  et  Moore)  Boris,  (synonym:  Cheiranthus  Allinoii  [3]),  E.  crepidifolium  Reichenb.[4],  E. 
Helveticum  (Jacquin)  A.  P.  DC  [5]  and^.  cheirantoides  L.[6]. 

We  investigated  the  glucosidic  composition  of  seeds  of  E,  diffusum  Ehrh*  *  —disseminated  swallowwort. Extrac¬ 
tion  of  the  glucosides  was  carried  out  without  preliminary  fermentation.  The  mixture  of  glucosides  was  divided  into 
54  fractions  by  means  of  partition  chromatography  on  alurhinum  oxide.  Use  of  paper  chromatography  showed  the 
presence  of  8  compounds,  represented  by  the  letters  A,  B,  C,  D,  E,  F,  G  and  H  (see  figure),  the  glucosides  A  and  D 
being  obtained  in  crystalline  form. 

Substance  D  was  predominant  in  the  mixture  of  glucosides  and  has  became  known  as  erysimoside.  Ultimate 
analysis  of  erysimoside  gives  the  formula  C35H52O14.  In  a  preliminary  report  [8],  erysimoside  was  described  as  an 
amorphous  substance;  it  has  now  been  obtained  in  crystalline  form.  The  m.p.  is  234-236",  [«]§  +23.6  +  1.5"  (in 
methanol). 

The  structure  of  erysimoside  is  established  on  the  basis  of  the  following  data.  With  acetic  anhydride  in  pyridine, 
erysimoside  (1)  gives  a  crystalline  acetyl  derivative  which,  judging  by  analysis,  is  a  penta -acetyl  derivative  (II),  As 


•  For  a  detailed  list  of  reports  on  the  fam.  Cruciferae  as  a  source  of  cardiac  glucosides  see  P.  M.  Loshkarev  [1]. 

*  *  In  "The  Flora  of  Uzbekistan*  [7]the  same  plant  is  called  E.  diffusum  Ehrh.  and  E.  canescens  Roth.,  the  latter  (a 
name  given  several  years  later)  being  given  as  a  synonym.  A  similar  procedure  is  adopted  by  other  authors  [4, 16, 17]. 
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a  result  of  the  action  of  0  -glucosidase,  contained  in  the  ferment  of  diffusum  seeds,  or  of  the  pancreatic  juice  of 
the  snail  Helix  plectotropis,  erysimoside  loses  a  molecule  of  hexose  and  is  converted  to  a  monoglucoside.  The  sugar 
obtained  was  identified  as  d-glucose  (V)  by  paper  chromatography  and  by  preparation  of  crystalline  osazone. 

The  part  of  the  erysimoside  molecule  which  has  lost  a  glucose  molecule -desglucoerysimoside  (lll)-has  the 
formula  C19H42O9.  It  was  found  to  be  identical  with  the  crystalline  glucoside  A,  obtained  directly  from  the  plant. 
The  glucoside  gives  a  diacetyl  derivative  (IV)  with  acetic  anhydride.  Mild  acid  hydrolysis  of  desglucoerysimoside 
(III)  leads  to  removal  of  a  second  molecule  of  sugar.  The  aglucone  frnned  during  this  process  is  identical  with 
strophanthidin  (VI).  The  sugar  component  left  in  the  mother  liquor  after  separation  of  the  strophanthidin  was  isolated 
and  condensed  with  p,p* -nitrophenylsulfonyl  hydrazide  [9].  The  sulfonyl  hydrazone  obtained  had  constants  corre¬ 
sponding  to  those  of  the  condensation  product  of  p,p'-nitrobiphenylsulfonyl  hydrazide  and  d-digitoxose  (VII). 


2-*  5-6  7-8  9-13  19-15  16  17-2925-28 Z9-33  39-96  97-5152-59 


Control  paper  chromatograms  of  the  glucoside  fractions  from  E  diffusum. 


Therefore,  desglucoerysimoside  is  strophanthidin-(3)-d-digitoxoside,  and  its  structure  is  expressed  by  fcxrmula 
(in).  Helveticoside  and  erysimotoxin  have  a  similar  structure.  The  identity  of  desglucoerysimoside,  helveticoside 
and  erysimotoxin  was  conflrmed  by  direct  comparison  of  samples  of  the  three  substances.* 

If  it  is  bom  in  mind  that  in  the  chain  of  sugars,  only  the  end  group  remains  for  d-glucose,  it  is  evident  that 
the  fomula  of  structure  (I)  corresponds  to  erysimoside.  The  correctness  of  this  formula  is  confirmed  by  the  fact  that 
as  a  result  of  hydrolysis  with  dilute  sulfuric  acid  erysimoside  give  strophanthidin  (VI)  and  a  disaccharide  Cj2ti22^9 
with  constants  ccnresponding  to  digilanidobiose  (Vin).  The  latter  has  been  described  in  a  number  of  the  sugar  com¬ 
ponents  of  true  glucosides  of  Digitalis  [10]  and  its  structure  accordingly  is  4-0  -(d-glucopyranosido)-d-digitoxo- 
pyranose  [11]. 

The  character  of  the  glucoside  bonds  is  establi^ed  in  the  usual  manner  by  the  difference  in  molecular  rotation; 
erysimoside -desglucoerysimoside'  and  desglucoerysimoside -surophanthidin  (Table  1). 


*  The  auduxs  wish  to  express  their  thanks  to  N.  P.  Maksyutina  and  Professor  T.  Reichstein  (Switzerland)  who  kindly 
supplied  samples  of  the  glucosides  which  they  isolated. 


The  specific  rotation  of  3-methyl-d-digitoxoside  is  unknown.  Its  molecular  rotation  is  given  approximately, 
on  the  basis  of  die  fact  that  the  molecular  rotations  of  a-  and  0 -methyl  glucosides  differ  (depending  on  the  cir¬ 
cumstances)  by  360“  on  the  average  (as  may  be  seen  from  Table  1,  for  d -glucose  this  difference  is  375*).  On  this 
basis,  in  accordance  with  Klyne's  law  [14]  the  sugars  are  combined  in  both  cases  by  a  0  -glucoside  bond.  Therefore, 
erysimoside  is  3-(4-0  -d-glucopyranosido-0  -d-digitoxopyranosido) -strophanthidin. 


Erysimoside,  k-strophanthin-0  and  olitoriside  [15]  form  a  natural  group  of  diglucosides  with  a  common  aglucone. 
The  difference  in  the  structure  of  these  diglucosides  is  due  to  the  difference  in  structure  of  the  2-desoxyhexamethylo8e 
molecule  coming  between  strophanthidin  and  d -glucose.  In  the  case  of  oliteriside  and  erysimoside,  these  are  diastereo- 
isomeric  d-bovinose  and  d-digitoxose;  in  the  case  of  k-strophanthin-0  it  is  cymarose.i.e.,  the  same  d-digitoxose  the 
hydroxyl  group  of  which  is  methylated  in  the  3  position. 

Erysimoside  has  a  fairly  high  cardiac  activity.  Tested  on  cats,  its  mean  lethal  dose  is  0.099  mg/kg,  the  lethal 
dose  of  desglucoerysimoside  is  0.085  mg/ kg. 

The  present  article  was  already  in  print  when  reports  were  published  on  the  detection  of  erysimoside  in  or¬ 
gans  of  ^  canescens  Roth,  found  above  group  [16],  in  seeds  of  E.  peroiskianum  Fisch  et  Mey  [17]  and  in  seeds  of  E. 
crepidifolium  Reich,  (private  communication  by  Kaiser  and  his  co-workers,  quoted  in  [17].)  It  must  be  assumed  diat 
this  is  the  most  widely  distributed  native  glucoside  in  Erysimum.  The  fact  that  erysimoside  was  found  as  one  of  the 
main  components  of  a  mixture  of  glucosides  in  seeds  of  Strophanthus  kombe  [18]  is  also  of  interest. 

EXPERIMENTAL 

Precipitation  and  Separation  of  the  Glucosides 

A  quantity  of  3  kg  of  E.  diffusum  seeds  was  ground  in  a  coffee  mill  and  extracted  repeatedly  with  petroleum 
ether.  The  yield  of  fatty  oils  was  28.0^0  of  the  weight  of  the  seeds.  The  seed  powder  from  which  die  fat  had  been 
removed  was  extracted  with  methanol  for  several  days  at  room  temperature.  The  combined  methanol  solution  was 
evaporated  under  vacuum  at  40-45“  to  3  liters;  it  was  diluted  with  1  liter  of  water  and  was  extracted  twice  with 
500  ml  of  petroleum  ether.  The  inert  substances  were  removed  by  freshly  precipitated  lead  hydroxide  obtained  from 
1  kg  of  Pb(CH3COO)j.  The  precipitate  of  lead  hydroxide  was  separated  and  was  washed  2-3  times  with  methanol.  The 
filtrate,  together  with  the  methanol  washings,  was  acidified  with  dilute  sulfuric  acid  to  pH  5-6,  filtered  and  eva¬ 
porated  under  vacuum  until  it  was  sirupy.  The  tany  mass  obtained  was  dried  in  a  vacuum  desiccator  until  solid, 
and  was  then  ground  to  a  powder.  The  yield  of  the  dry  extract  was  360  g. 

A  quantity  of  15  g  of  the  dry  extract  was  mixed  with  30  g  of  aluminum  oxide  for  the  chromatographic  process 
and  was  introduced  into  a  column  of  length  1.5  m,  containing  750  g  of  aluminum  oxide.  The  contents  of  the  column 
were  washed  with  a  mixture  of  equal  volumes  of  benzene  and  butanol,  preliminarily  saturated  with  water.  After 
evaporation  of  the  solvent  the  fractions  (500  ml  each)  were  analyzed  by  means  of  paper  chromatography.  The  frac¬ 
tions  with  the  same  location  of  the  spots  were  combined.  The  results  of  the  chromatographic  determination  are 
given  in  Table  2.  Control  paper  chromatograms  (see  figure)  were  obtained  fw  the  system  toluene —butanol  (1  ;  1)— 
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TABLE  1 


Substance 

M 

[«]d  m 
methanol 

w_  M  .  (a)^ 

"  too 

Erysimoside . 

696.80 

+23.6  ±2° 

+  164il4o 

Desgliicoerysitnoside . 

534.66 

+32.4  ±2 

+  173±11 

Strophanthidin . 

Degree  of  rotation  of  d -glucose . 

Degree  of  rotation  of  d-digitoxose . 

404.51 

+48.6  ±2 

+  181±8 
-9  ±25 
-8±19 

a -Klethyl -d-glucoside  [12] . 

194.19 

+  1.58.9±?  • 

+309  ±? 

d  -Methyl -d-glucoside  fl2] . 

a -Methyl-d-digitoxosiae  [13] . 

194.19 

-34.2±?* 

-66  ±? 

162.19 

+  192.0±  1 

+311±2 

8 -Methyl-d-digitoxoside  [13] . 

1 

162.19 

1 

? 

-49 

•  The  specific  rotations  were  determined  in  water. 


water;  the  developer  was  Raymond's  reagent.  The  brackets  in  Table  2  and  the  dotted  lines  in  the  figure  indicate  sub¬ 
stances  developed  in  the  form  of  weak  spots. 

From  the  17th-28th  fractions  and  by  repeated  separation  of  the  29th-33rd  fractions  we  obtained  1388  mg  of 
crystalline  erysimoside  (1.11*^  of  die  weight  of  the  seeds).  From  the  2nd-4th  fractions  we  obtained  150  mg  of  desgluco- 
erysimoside  (0.12®/o  of  the  weight  of  the  seeds), 

Erysimoside  (I) 

The  dry  residue  from  the  17th-24th  fractions  was  recrystallized  from  n-propyl  alcohol.  After  they  had  been 
dried  under  vacuum  110”,  the  precipitated  fine  crystals  had  an  m.p.  of  234-236”,  [a]^  +23.6  ±  1.5”  (c  3.85; 
methanol).  Erysimoside  was  readily  soluble  in  water,  methanol,  and  ethanol,  and  insoluble  in  chloroform,  benzene, 
and  ether.  The  Keller -Kiliani  reaction  was  negative,  the  Webb -Levy  reactions  [4,  19]  for  the  presence  of  2-desoxy 
sugar  in  polyglucosides  was  positive.*  The  time  color  reaction  with  concentrated  sulfuric  acid  was;  0  minutes - 
green,  1  minute -dark -green,  2  minutes -brown -green,  30  minutes -brown,  1  hour -chesmut -brown.  The  data  of  the 
carbon  analyses  were  constantly  low,  which  may  also  be  noted  in  the  report  of  Kowalevski  and  his  co-workers  [17], 

Found  C  59.19,  59.17;  H  8.05,  7.91.  C35HaOi4.  Calculated  C  60.33;  H  7.52. 

Penta-O-acetylerysimoside  (II)  A  mixture  of  500  mg  of  erysimoside,  5  ml  of  dry  pyridine  and  5  ml  of  acetic 
anhydride  was  poured  into  200  ml  of  ice  water  after  it  had  been  heated  for  3  hours  at  110”.  The  precipitate,  which 
settled  out  on  the  bottom,  was  separated,  washed  with  water,  dried  and  recrystallized  from  methanol.  We  obtained 
602  mg  of  finely  crystalline  powder  with  an  m.p.  of  221-223”  (with  decomp,),  [tx]f)  +33.9  ±  2”  (c  1.80;  methanol). 

Found‘d;  C  59.68,  59.61;  H  6.98,  6.81.  C45HC2O19.  Calculated “/o;  C  59.59;  H  6.89. 

Acid  hydrolysis  of  erysimoside  (1)  to  strophanthidin  (VI)  and  digilanidobiose  (VIII).  We  kept  1.0  g  of  erysimoside, 
5  ml  of  ethanol  and  50  ml  of  0.1  N  sulfuric  acid  for  5  days  at  36”.  From  the  extent  of  the  spread  on  the  paper  chro¬ 
matogram  and  by  a  mixed  melt,  the  crystals  precipitated  during  this  process  were  identified  as  strophanthidin.  The 
yield  was  558  mg.  The  filtrate  was  neutralized  widi  freshly  prepared  BaCQj,  The  precipitate  of  BaS04  was  separated 
and  the  solution  was  evaporated  to  dryness  under  vacuum.  The  dry  precipitate  was  dissolved  in  1  ml  of  water.  The 
residue  which  had  not  dissolved  in  water  was  separated  and  the  filtrate  was  diluted  with  30  ml  of  96^o  ethanol.  After 
It  had  stood  for  a  day,  oblong  prisms  (358  mg)  were  deposited;  after  tiiese  had  been  recrystallized  twice  from  ethanol 
the  m.p.  was  220-221”  (with  decomp,),  [a]*  +30.2  ±  2”  (c  1.94;  water).  The  disaccharide  did  not  show  mutarota- 
tion.  The  Keller -Kiliani  reaction  was  negative,  the  Webb -Levy  reaction  was  positive, 

Found‘d:  C  46.08,  46.14;  H  7,33,  7,34.  CcHjjOg.  Calculated  “Vo:  C  46.45;  H  7.15. 

Literature  data  for  digilanadobiose:  fuses  at  215-220”,  and  decomposes  at  227”,  [a]|)  +29.8”  and  30.1”  (water) 
[111  m.p.  211-218”,  [a]g  +  26.6”  (water)  [12], 


*  According  to  Webb  and  Levy,  this  reaction  is  usually  carried  out  with  p-nitrophenylhydrazine.  In  our  experiments, 
good  results  were  also  obtained  by  using  2,4-dinitrophenylhydrazine. 
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TABLE  2 


Fraction  No. 

Amount  of 
substance 

(mg) 

1 

Characteristics  of  the  precipitated  product 

Spots  on 
the  paper 
chroma¬ 
togram 

1 

2-4 

102.0 

417.5 

Negative  reaction  for  glucosides 

Needles  of  desglucoerysimoside 

1 

A 

5-6 

7-8 

9-13 

14-15 

16 

141.4 
683.0 

1237.1 

142.5 

59.3 

1  Amorphous  powder 

I 

{A),  B,  C 
{B),  C 
(C).  E 

E 

iE) 

17-24 

25-28 

1101.3 

529.0 

1 

j 

1  Fine  crystals  of  erysimoside  | 

I 

1 

D 

D,  {F) 

29-33 

34-40 

47-51 

52-54 

5:11.2 

088.0 

247.7 

224.8 

1 

1  Amorphous  powder  | 

1 

D,  F 
(D).  F 
{F),  H 
{H),  G 

Perm ent  Splitting  of  Erysimoside 

Preparation  of  the  ferment  of  diffusum  seeds.  A  quantity  of  100  g  of  finely  ground  seeds  (from  whidi  die  fat 
had  been  removed)  was  covered  with  300  ml  of  ice  water  and  was  kept  for  3  hours  at  0"  with  frequent  mixing.  The 
swollen  seed  mass  was  separated  by  means  of  closely  woven  cloth.  The  viscous  aqueous  extract  was  diluted  with  a 
5 -fold  amount  of  ethanol,  a  copious  precipitate  being  obtained  during  this  process.  The  supernatant  liquid  was  de¬ 
canted  and  the  precipitate  was  mixed  with  30  ml  of  ice  water  and  was  left  for  2  hours  at  0*.  The  sticky  mass  formed 
was  centrifuged.  The  clear  solution  was  removed  with  a  pipet  and  was  diluted  again  with  a  5-foid  amount  of  ethanol. 
The  precipitate  formed  during  diis  process  was  separated  by  means  of  a  fine  filter  and  was  transfened  immediately  to 
a  desiccator,  where  it  was  dried  under  vacuum  over  CaC]2  at  room  temperature  until  all  moisture  had  been  removed. 
The  yield  was  3.6  g.  The  dried  preparation  was  ground  to  a  powder  and  was  kept  in  sealed  ampoules.  The  reaction 
for  free  sugars  was  negative. 

Splitting  of  erysimoside  by  ferments  of  E.  diffusum.  A  quanti^  of  200  mg  of  erysimoside  in  1  ml  of  ethanol 
was  mixed  with  200  mg  of  ferment  in  300  ml  of  water.  The  mixture  was  kept  in  a  thermostat  at  35-36*  foe  4  days. 
The  solution  was  then  evaporated  under  vacuum  at  40-45*  to  1  ml  and  diluted  with  20  ml  of  alcohol.  The  precipi¬ 
tated  enzymes  were  separated  and  the  solution  was  evaporated  again  to  3-4  ml.  After  this  solution  had  stood  for  a 
day,  needles  of  desglucoerysimoside  were  precipitated.  The  yield  was  128  mg. 

After  the  crystals  had  been  separated,  the  filtrate  was  evaporated  to  1  ml  and  was  mixed  with  a  solution  of 
100  mg  of  phenylhydrazine  hydrochloride  and  150  mg  of  sodium  acetate  in  1  ml  of  water.  The  mixture  was  heated 
for  1  hour  at  100*.  A  mixed  melt  with  the  osazone  of  d -glucose  showed  no  depression  of  the  melting  point. 

Splitting  of  erysimoside  by  enzymes  of  Helix  plectotropis.  A  quantity  of  200  mg  of  erysimoside  was  dissolved 
in  1  ml  of  ethanol,  mixed  with  a  solution  of  0,5  ml  of  the  digestive  juice  of  the  snail  (frx  method  of  obtaining,  see 
[15])  in  50  ml  of  water  and  was  left  in  a  thermostat  at  34-36*  for  3  days.  The  subsequent  treatment  was  the  same  as 
for  hydrolysis  by  enzymes  from  the  seeds.  We  obtained  134  mg  of  desglucoerysimoside  and  82  mg  of  d -glucose. 

Desglucoerysimoside  (Ill) 

De^lucoerysimosiJe  crystallizes  from  a  mixture  of  methanol  and  water  (3  :  2)  in  the  form  of  colorless  long 
needles.  It  is  readily  soluble  in  methanol,  ethanol  and  chloroform,  slightly  soluble  in  cold  water  and  readily  solid)le 
in  hot  water,  and  practically  insoluble  in  ether  and  benzene.  The  Keller -Kiliani  and  the  Webb-Levy  reactions  were 
positive.  The  time  color  reaction  with  concentrated  sulfuric  acid  was:  0  minutes  -  yellow-brown,  1,  5,  15,  30 
minutes,  1  hour-brown  vnth  a  greenish  tint,  5  hours -dark -green  precipitate.  Desglucoerysimoside  dried  over  phos¬ 
phorus  pentoxide  at  room  temperature  has  an  m.p,  of  174-175*,  [a]f5  +32.4  ±  2*  (c  2.54;  methanol).  After  the  same 
sample  had  been  dried  for  many  hours  under  vacuum  at  105-110*  it  had  a  m.p,  of  152-155*. 

Found  %  C  64.97,  64.93;  H  8.00,  8.11.  COTH42O9.  Calculated  C  65.15;  H  7.92. 
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Di-O-acetyldesglucoerysimoside  (IV).  A  quantity  of  200  mg  of  the  glucoside  in  2  ml  of  pyridine  and  2  ml  of 
acetic  anhydride  was  heated  for  3  hours  at  100*.  After  the  usual  treatment,  needles  (196  mg)  were  obtained;  the  m.p. 
was  242-243%  [a]^  +35.5  ±  2’  (c  2.57;  chloroform), 

Found‘d:  C  63.77,  63.88;  H  7.66,  7.64.  C33H46OU.  Calculated  %.  C  64.06;  H  7.49. 

Hydrolysis  of  desglucoerysimoside  to  strophanthidin  (VI)  and  digitoxose  (Vn).  A  quantity  of  1.0  g  of  desgluco- 
erysimoside,  15  ml  of  methanol  and  15  ml  of  0.1  N  sulfuric  acid  was  heated  at  75-80*  for  1  hour.  After  the  methanol 
had  been  distilled,  crystals  of  strophanthidin  were  precipitated  ftom  the  acid  solution  (643  mg).  After  the  crystals 
had  been  recrystallized  3  times  from  dilute  methanol  they  had  an  m.p.  of  168-170*,  while  the  melting  point  after 
recrystallization  from  a  mixture  of  chloroform  and  benzene  was  234-235*,  [a]p  +48.6  ±  2*  (c  2.61;  methanol).  A 
mixed  melt  with  known  strophanthidin  showed  no  depression  of  the  melting  point.  Strophanthidin  monoacetate  (m.p. 
243*)  and  phenylhydrazone  (m.p.  241-242*)  were  obtained. 

Found  <70:  C  67.17,  67.13;  H  8.10,  8.14.  QaHaOe  •  O.bHjO.  Calculated  *70:  C  66.80;  H  8.04. 

After  separation  of  the  strophanthidin  the  acid  solution  was  extracted  repeatedly  with  chloroform  and  was 
neutralized  with  freshly  precipitated  BaCO*.  The  precipitate  of  BaS04  was  separated  and  the  filtrate  was  evaporated 
under  vacuum  until  it  was  sirupy.  A  quantity  of  29  mg  of  the  sugar  sirup  in  0.5  ml  of  acetonitrile  was  mixed  vdth 
62  mg  of  p,p’-nitrobiphenylsulfonyl  hydrazide*  in  0.5  ml  of  acetonitrile  and  was  heated  for  15  minutes  on  a  water 
bath.  When  the  solution  cooled,  yellow  crystals  of  the  sulfonyl  hydrazone  of  d -digitoxose  (78  mg)  were  precipitated; 
after  recrystallization  from  acetonitrile,  the  crystals  had  an  m.p.  of  155-156*,  while  after  recrystallization  from  equal 
volumes  of  methanol  and  pyridine  (with  addition  of  a  few  drops  of  water)  the  m.p.  was  136-138*.  Literature  data  [9] 
are  as  follows:  m.p,  154  and  139*  respectively. 

SUMMARY 

A  complex  mixture  of  glucosides,  the  principal  component  of  which  was  a  new  steroid  diglucoside,  erysimo- 
side,  was  obtained  from  seeds  of  Erysimum  diffusum  Ehrh.  During  acid  hydrolysis,  erysimoside  breaks  up  into  digil- 
anidobiose  and  strophanthidin.  As  a  result  of  ferment  splitting  of  erysimoside,  d -glucose  and  desglucoerysimoside 
(which  is  also  found  in  the  plant  as  an  independent  component)  were  obtained.  Desglucoerysimoside  has  the  struc¬ 
ture  of  strophantliidin-(3)-8 -d-digitoxopyranoside  and  is  identical  to  helveticoside  and  erysimotoxin.  Erysimoside 
is  strophanthidin -(3) -6  -d-digitoxopyranosido-(4)-6  -d-glucopyranoside. 
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LETTERS  TO  THE  EDITOR 


RELATIONSHIPS  IN  THE  ENTHALPIES  OF  FORMATION 
OF  OXIDES  AND  OXYCHLORIDES 

B,  N.  Sharupin  and  I.  V,  Vasil'kova 

A,  A,  Zhdanov  Leningrad  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  31,  No.  6, 

pp.  2077-2078,  June,  1961 

Original  article  submitted  November  24,  1960 


When  considering  the  properties  of  hexavalent  chlorine-  and  oxygen -containing  compounds  of  the  elements 
in  the  chromium  subgroup  it  seemed  remarkable  to  us  that  in  the  series  MeCl€-MeOCl4~MeOjjClg-MeO^  there  Is 
an  increase  in  enthalpy  up  to  MeC^Cle,  which  is  an  indication  of  strengthening  of  the  molecule  of  a  compound  witiii 
an  increase  in  its  number  of  oxygen  atoms.  There  is  almost  no  change  in  the  enthalpy  of  formation  in  going  from 
Me02Cl2  to  MeOj  and  there  is  even  a  decrease  in  it  in  the  gaseous  state  [1]. 

Our  studies  on  the  determination  of  the  enthalpies  of  formation  of  the  oxychlorides  of  molybdenum,  tungsten, 
and  uranium  [2-4]  and  the  comparison  of  these  with  existing  data  on  the  corresponding  oxides  led  to  a  comparison  of 
the  ethanlpies  of  formation  of  similar  compounds  in  the  solid  state  for  other  elements,  and  the  results,  which  are 
presented  in  the  table  below,  confirmed  our  hypothesis. 


MCjOj— 

McOCl 

McO,- 

McOCU 

McOj- 

-MeO,Cl, 

LaOCl 

Zr02 

ZrOClz 

CrOg 

CrOaCU 

(1/2) -229 

-234 

—258 

(-256) 

-137 

-135 

FoOCl 

Ti02 

TiOCla 

MoO, 

M0O2CI2 

(1/2)  -99 

-99 

—293 

(-299) 

—  178 

-173 

Sm20T 

SmOGl 

U()2 

IJOCIg 

WO, 

WO2CI2 

(1/2)  -215 

—220 

-259 

-259 

— 2(i0 

—  197 

AI2O3 

AiOCl 

— 

— 

UO3 

UO2CI2 

(1/2) -198 

—  190 

-302 

—300 

The  agreement  in  the  enthalpies  of  formation  of  the  oxides  and  the  first  oxychlcarides  in  the  solid  state  is  ap¬ 
parently  not  fortuitous  and  the  reason  lies  in  the  structure  of  the  crystals  and  the  nature  of  the  chemical  bonds  in  the 
oxides  and  oxychltxides.  An  investigation  of  the  molecular  structure  of  uranyl-containing  compounds  showed  that 
the  UC^  ion  has  the  linear  structure  “Oj-U  —  Oj-and  as  such  is  present  in  the  oxide  and  oxychloride.  In  addition 
to  this  axial  position  of  the  bonds  there  is  also  the  possibility  of  this  ion  framing  bonds  located  in  a  plane  perpen¬ 
dicular  to  the  axis,  the  so-called  "equatorial"  [5].  The  presenee  of  nonequivalence  of  the  oxygen  atoms  in  die 
oxide  was  found  by  N,  V.  Belov  [6]  for  uranium  oxide  having  a  hexagonal  structure.  Substitution  of  the  oxygen  atom 
situated  in  the  plane  perpendicular  to  the  axis~Oi~Me“Oj— by  two  atoms  of  chlorine  does  not  result  in  marked 
changes  in  the  energetics,  and  therefOTe  the  heat  effect  of  such  a  substitution  is  small.  On  the  other  hand,  the  en¬ 
tropy  of  a  compound,  which  is  related  to  the  number  of  atoms  composing  the  molecule,  must  change  during  sub¬ 
stitution,  and  therefore  the  values  of  the  free  energies  of  formation  of  oxides  and  oxychlorides  are  different. 

The  relationship  which  we  have  observed  may  serve  as  the  basis  for  estimating  approximately  the  enthalpies 
of  formation  of  solid  oxyehlorides  which  have  not  yet  been  studied  if  AH®^^  of  the  corresponding  oxide  is  known. 
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INTRAMOLECULAR  REARRANGEMENT  OF  O-CARBOBENZOXYPHENYL- 
ALANYL-N  -(GLYCYL)  -SERINE 
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A  diaracteristic  of  O-acyl  and  O-aminoacyl  derivatives  of  B  -hydroxyamino  acids  is  their  spontaneous  iso¬ 
merization  into  N  -peptides  in  a  weakly  alkaline  medium  [1]. 

NH2CH(R)C0— 0— CH2CH(NH2)C00H  >  NHgCHfniCO— NM— CII(Cll20n)C00U 

We  have  found  that  an  analogous  rearrangement  also  occurs  with  0-carbobenzoxyphenylalanyl-N-(glycyl)- 
serine  (1)  in  which  the  amino  group  is  not  in  a  neighboring  position  to  the  ester  bond.  When  this  peptide  was  treated 
with  alkali  at  pH  8-8.3  for  four  hours,  or  with  chymotrypsin  for  30  minutes,  compounds  which  were  identified  chro- 
matographlcally  in  the  reaction  mixture  were  carbobenzoxyphenylalanylglycylserine  (II),  carbobenzoxyphenylalanyl 
serine  (III),  and  glycine  (IV).  The  formation  of  these  peptides  and  glycine  may  be  explained  apparently  by  the 
scheme  of  reactions  proposed  [2]  for  the  S-peptldes  of  cysteinamine.  Under  the  action  of  a  ferment  or  alkali  the 
carbobenzoxyphenylalanyl  group  migrates  to  the  nei^boring  bond  with  the  formation  of  an  unstable  diaminoacyl 
derivative  (V),  which  may  then  isomerize  to  the  tripeptide  (II)  or  hydrolyze  to  the  dipeptide  OH)  and  glycine  OV). 


K63-NII— CH-CO— OCH2— CH— COOH 


I 

CIlzC^Hg 

(1) 


NH, 


\—  HOCH2— CH-COOH  — I 

N— COCH2NH2 

I 

COCHNH  cbz 


cn2C„H6  J 

(V) 


K63-NII— CH— CO-NIICH2CO— NH— CH— coon 
(JusCall.  ' 


(II) 


K63-NH— CH— CO— NH— CH2— COOH 
C:H2CeH5  (I:H20H 


(III) 


CH2OH 

NHa— CH2— COOH 
(i» 


This  process  is  another  example  of  the  lability  of  O-peptides  of  B  -hydroxyamino  acids  [3]  which  may  serve  as 
carriers  of  amino-acid  residues  in  the  formation  of  peptide  bonds. 
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DIENE  SYNTHESES  WITH  DIVINYL  DIENOPHILES 
CONTAINING  SULFUR 
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The  literature  contains  data  on  the  dienophilic  activity  of  vinylaryl  and  alkyl  sulfldes  [1].  and  vinylaryl  and 
alkyl  sulfones  [2].  but  there  is  no  information  on  diene  syndieses  using  a  divinyl  sulfone  (1),  a  sulfoxide  (1I)>  or  a 
sulfide  (in).  We  have  established  diat  these  compounds  undergo  a  diene  condensation  with  hexachlorocyclopentadiene 
(HCCP)  and  cyclopentadiene  (CP),  framing  complex  mixtures  of  mono-  and  higher  adducts  (IV  -XVni).  which  we 
separated  into  the  various  components  by  fractional  crystallization,  distillation,  ra:  chromatogr<iphy. 

By  diene  condensation  with  HCCP  (1  : 1)  there  was  obtained:  from  0)“mainly  exo-(IV)  widi  m.p.  84-85* [  a 
small  quantity  of  a  mixture  of  endo-  and  exo-(IV)  with  m.p.  94-95’  was  also  separated]  and  stereolsomeric  (VH) 
with  m.p,  245-247*.  195-196*,  and  182-183*  (overall  yield  70-8(f7o  after  12-14  hours  at  120-140*);  from  (II) -after 
48  hours  at  70-80*  26^  of  (V)  containing  over  8Cf7o  of  exo-(V)  with  m.p.  127-128*;  from  (III)-(VI)  with  b.p.  76-78* 
at  0.04  mm,  n|)  1.5830  and  containing  over  8(f!fo  of  exo-(VI)  and  a  mixture  of  stereoisomeric  (VIII)  with  m.p.  152- 
156*  (overall  yield  10-8(f1o  after  18  hours  at  60*), 


CWl 
Cl  Cl 


CL  >-L  Cl; 

X-  =  j^^Cl; 


cci, 


Cl  Cl 


(1,11,111)  "  ^  (1V,V,V1) 

»  =  so^ll.^,vII) ;  »*=so(ii,v) ;  x=s(ni.vi,viii), 


Cl  Cl 

’■[B: 

CL  Cl 

(VII,  Mill) 


We  ascribed  the  exo  conftguration  to  the  monoadducts  (V-VI)  because  when  oxidized  they  were  converted  into 
exo-(IV)  (with  m.p.  84-85*).  The  conftguration  of  the  latter  was  proved  by  its  conversion  upon  gentle  heating  into 
(IV)  with  m.p.  94-95*,  which  also  explains  the  apparent  deviation  from  Alder's  rule  which  we  have  found. 


IV  with  m.p.  94-95* 

^  at  94-95 

(containing  endo -IV)  Cl  Ct 

Ci-  s.| 

5 


2N_ 


ZCH,C000H 


exo -IV 
m.p.  84-85* 


Cl  Cl\/  exo -VI 
*  b.p.  76-78*/Q.04  mm 

Cl  A 

S0s_ 

'  CHiCOOOM 

Cl  C^ 
exo-V 

m.p.  127-128* 


(I)  Condensed  with  CP  exothermally.  A  1  : 1  ratio  of  (I):  CP  resulted  in  the  formation  of  *^65-70'!^  of  a  mix¬ 
ture  of  exo-  and  endo-(IX)  with  b.p,  78-79*  at  0.03  mm,  n^  1.5218;  15-18^o  of  a  mixture  of  stereoisomeric  (XI) 
with  m.p,  81-93*,  2-3^  of  (XIV)  with  m.p,  117-118*  and  9-10^0  of  polymer  (DC);  a  ratio  of  1  :  2  gave  a  mixture  of 
(XI)  and  (XIV)  with  an  overall  yield  of  85-90^.  Diene  condensation  of  (II)  with  CP  (1  ;  1.5  after  25  hours  at  100- 
110*  In  dioxane)  gave  55-6Cf^  of  a  mixture  of  endo-  and  exo-(X)  with  b.p.  65-66*  at  0.05  mm  and  10-lff^  of  a 
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mixture  of  ixomeric  (XII)  (possibly  also  XV  ?)  with  m.p.  90-98*.  A  mono-adduct  was  not  isolated  from  (III)  and  the 
dimer  of  CP  (1  :  1,  ten  hours  at  180*)  but  38^  of  a  mixture  of  diadducts  was  obtained  with  b.p.  58-59*  at  0.02  mm, 
1.5550,  containing  ~40l^  (XVI)  and  e(Fh  (XIII),  ~20‘^  of  a  mixture  of  triadducts  with  b.p.  111-112*  at  0.02  mm, 
containing  (XVIII)  and  l(fh  (XVII)  and  up  to  20^  of  higher  polymers  of  CP  conuining  sulfur. 


The  composition  of  the  adducts  was  confirmed  by  elementary  analysis,  and  their  structure  was  indicated  by 
chemical  reactions  Involving  the  double  bond  cx  the  bicyclopentene  ring  or  the  vinyl  group  and  confirmed  by  their 
infrared  and  Raman  spectra. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEHZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NO  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNHM 

VNIIZhDT 

VTI 

VZEI 


Phy$.  Inst.  Acad.  Sci.  USSR 
Water  Power  Inst. 

State  Scl.-Tech.  Press 

State  Tech,  dnd  Theor.  Lit.  Press 

Sute  United  Sci. -Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  Sute  Standard 

Sute  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

Sute  Sci. -Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  Sute  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.  -  Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. -Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Sutions 
All-Union  Scientific  Research  Inst,  of  Metrology 
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information  about  their  significance  being  available  to  us.  -Publisher. 
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